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ผูเขียน   นายวัฒนา   เต็มดี 
สาขาวิชา  วิทยาศาสตรและเทคโนโลยีอาหาร 
ปการศึกษา  2552 
 
บทคัดยอ 
 
จากการศึกษาการสกัดเจลาตินจากหนังหมึกกระดอง โดยเริ่มจากการกําจัดโปรตีน
ที่ไมใชคอลลาเจนดวย  สารละลายโซเดียมไฮดรอกไซดที่ระดับแตกตางกัน  (0.2 0.4 และ 0.6 
นอรมอล) รวมกับไฮโดรเจนเปอรออกไซด รอยละ 0 0.5 และ 0.75 โดยใชอัตราสวนระหวางหนัง
ตอสารละลาย เทากับ 1:10 (น้ําหนักตอปริมาตร) เปนเวลา 3 ชั่วโมง จํานวน 4 ครั้ง พบวาปริมาณ
โปรตีนและไฮดรอกซีโพรลีนในหนังลดลง   เมื่อเพิ่มความเขมขนของสารละลายโซเดียม           
ไฮดรอกไซดและไฮโดรเจนเปอรออกไซด หนังหมึกกระดอกที่เตรียมโดยการแชในสารละลาย
โซเดียมไฮดรอกไซดเขมขน 0.4 นอรมอล รวมกับไฮโดรเจนเปอรออกไซดเขมขนรอยละ 0.75 
สามารถกําจัดโปรตีนที่ไมใชคอลลาเจนและลดการสูญเสียปริมาณไฮดรอกซีโพรลีน และใหหนัง
หมึกที่มีสีขาว  เมื่อนําหนังหมึกกระดองที่ผานการเตรียมโดยวิธีดังกลาว มาแชในสารละลาย
ไฮโดรเจนเปอรออกไซดเขมขนรอยละ 0 5 7.5 และ 10 (ปริมาตรตอปริมาตร) โดยใชอัตราสวน
ระหวางหนังตอสารละลายเทากับ 1:10 (น้ําหนักตอปริมาตร) เปนเวลา 48 ช่ัวโมงกอนการสกัด
พบวาเจลาตินที่สกัดจากหนังหมึกกระดองที่ผานการแชในสารละลายไฮโดรเจนเปอรออกไซด  
รอยละ 10 มีปริมาณผลผลิตสูงสุด (รอยละ 66.20) และมีคาสีแดงต่ําสุด เมื่อนําหนังหมึกกระดอง  
ที่ผานการเตรียมมาสกัดเจลาติน โดยน้ํารอนในอัตราสวนระหวางหนังตอน้ําเทากับ 1:5    
(น้ําหนัก/ปริมาตร) ที่อุณหภูมิแตกตางกัน (50 60 และ 70 องศาเซลเซียส) เปนเวลาตางกัน           
(6 12 และ 18 ช่ัวโมง) พบวาปริมาณผลผลิตเจลาตินเพิ่มขึ้นเมื่อเพิ่มอุณหภูมิและเวลาในการสกัด 
เมื่อสกัดที่อุณหภูมิสูงกวา 50 องศาเซลเซียส พบวาคา bloom strength ของเจลาตินลดลงเมื่อ    
เพิ่มเวลาในการสกัดนานกวา 12 ช่ัวโมง คาความสามารถในการเกิดโฟมลดลง ขณะที่สมบัติการ
เปนอิมัลซิไฟเออรเพิ่มสูงขึ้นเมื่ออุณหภูมิและเวลาในการสกัดเพิ่มขึ้น (p<0.05)  ดังนั้นสภาวะที่
เหมาะสมในการสกัดเจลาตินจากหนังหมึกกระดองที่ผานการกําจัดโปรตีนที่ไมใชคอลลาเจนและ
การแชในสารละลายไฮโดรเจนเปอรออกไซด   คืออุณหภูมิ 50 องศาเซลเซียส เปนเวลา 18 ช่ัวโมง 
ซ่ึงสามารถใหคา bloom strength (105.46 g) และมีคาดัชนีการเปนอิมัลซิไฟเออร (23.97 m2/g) 
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สูงสุด  และมีการละลายในชวง     พีเอชกวาง (พีเอช 1-10) 
  เมื่อนําสารสกัดเอทานอลจากไมเคี่ยมและเปลือกไมมะมวงหิมพานตซ่ึงมีปริมาณ
แทนนินเทากับ 74.6 และ 193.7 มิลลิกรัมตอกรัมของสารสกัดแหง มาผานการเติมออกซิเจนที่     
พีเอชตางๆ (7 8 และ 9) พบวาสารสกัดทั้งสองมีความสามารถในการเชื่อมประสานเจลาติน         
ไดสูงสุดเมื่อผานการเติมออกซิเจนที่พีเอช 9 โดยมีปริมาณหมูอะมิโนอิสระลดลง เมื่อเติมสารสกัด
ที่ผานการเติมออกซิเจนในระดับที่เพิ่มขึ้นมีผลให คา bloom strength เพิ่มขึ้น (p<0.05) อยางไร  
ก็ตามเจลที่ไดมีสีคลํ้าขึ้น ที่ระดับความเขมขนเดียวกันสารสกัดจากไมเคี่ยมสามารถเพิ่มความ
แข็งแรงของเจลไดสูงกวาสารสกัดจากเปลือกไมมะมวงหิมพานต อยางไรก็ตามเจลของเจลาตินที่มี
การเติมกรดแกลลิคที่ผานการเติมออกซิเจนมีคาความแข็งแรงเจลสูงกวาเจลที่เติมสารสกัดไมเคี่ยม 
ที่เติมออกซิเจน (p<0.05) 
  จากการศึกษาการออกซิไดซสารสกัดจากไมเคี่ยมและเปลือกไมมะมวงหิมพานต
ดวยเอนไซมแลคเคส ซ่ึงมีกิจกรรมสูงสุดเมื่อใชสารสกัดจากไมเคี่ยมและเปลือกไมมะมวงหิมพานต
เปนสับสเตรทที่พีเอช 4 และ 5 ตามลําดับ พบวาใหผลในทํานองเดียวกับการออกซิไดซโดยการเติม
ออกซิเจนในสภาวะดาง โดยพบวาสารสกัดทั้งสองที่ผานการออกซิไดซดวยเอนไซมแลคเคส 
สามารถเพิ่มความแข็งแรงเจลเจลาตินจากหนังหมึกกระดอง แตกรดแกลลิคที่ผานการออกซิไดซมี
สมบัติเพิ่มความแข็งแรงเจลสูงกวา (p<0.05) โครงสรางเจลที่เติมสารสกัดไมเคี่ยมและสารสกัด
จากเปลือกไมมะมวงหิมพานต มีโครงขายที่หนาขึ้น และมีชองวางขนาดใหญขึ้น เมื่อเปรียบเทียบ
กับเจลชุดควบคุม ดังนั้นสารสกัดที่ผานการออกซิเดชันทั้งโดยวิธีการเติมออกซิเจนที่สภาวะดาง
หรือการใชเอนไซมแลกเคส สามารถใชเปนสารเพิ่มความแข็งแรงของเจลาตินจากหนังหมึก
กระดอง 
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ABSTRACT 
 
Extraction of gelatin from the skin of cuttlefish (Sepia pharaonis) was 
studied. Prior to gelatin extraction, the skin of cuttlefish was pretreated by the 
removal of non-collagenous protein using NaOH solution at different concentrations 
(0.2, 0.4 and 0.6 M) in the absence or presence of H2O2 (0.5 and 0.75% v/v) with a 
skin/solution ratio of 1:10 (w/v) for 3 h with 4 repetitions. Protein and hydroxyproline 
contents in skin decreased with increasing concentration of NaOH and H2O2. The skin 
treated with 0.4 N NaOH in combination with 0.75% H2O2 had the decreased    
protein content with the compromising loss in hydroxyproline. The pretreated skin 
was further treated with H2O2 at various concentrations (0, 5, 7.5 and 10% v/v) using 
a skin/solution ratio of 1:10 (w/v) for 48 h prior to gelatin extraction. Gelatin 
extracted from the pretreated skin with subsequent treatment using 10% H2O2 had the 
highest yield (66.20%) and the lowest a*-value (p<0.05). When gelatin was extracted 
by placing the pretreated and H2O2-treated skin in distilled water with a skin/water 
ratio  of 1:5 (w/v) at various temperatures (50, 60 and 70°C) for different times (6, 12 
and 18 h), the yield of gelatin increased with increasing temperature and time 
(p<0.05). When the extraction temperature was higher than 50°C, bloom strength of 
gelatin decreased when extraction time was longer than 12 h. Foaming ability 
decreased, while emulsifying activity of resulting gelatins increased with increasing 
extracting temperature and time (p<0.05). Therefore, the optimal condition for gelatin 
extraction from pretreated and H2O2-treated skin was suggested to be 50°C for 18 h. 
Gelatin obtained had the highest bloom strength (105.46 g) and emulsion ability index   
(23.97 m2/g) and was soluble in the wide pH range (1-10).  
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Ethanolic extracts of kiam (Cotylelobium lanceotatum Craih) wood 
(EKWE) and cashew (Anacardium occidentale L.) bark (ECBE) containing tannin at 
levels of 193.7 and 74.6 mg/g of dry extract, respectively, were oxidized by 
oxygenation at different pH (7, 8 and 9). Both extracts showed the highest gelatin 
cross-linking ability when oxygenated at pH 9 as evidenced by the lowering of free 
amino group content. The increases in bloom strength were obtained when the 
extracts were oxygenated at increasing pH (p<0.05). The bloom strength of gelatin gel 
increased when the concentration of both extracts increased (p<0.05). However, the 
color turned to be darker with increasing amount of extracts. At the same level of 
extracts, EKWE exhibited the greater gel strengthening effect than did ECBE. 
Nevertheless, oxidized gallic acid showed slightly higher gel enhancing ability, 
compared with oxygenated EKWE (p<0.05).  
    Effects of EKWE and ECBE oxidized by laccase on the properties of 
gelatin gels from cuttlefish skin were also investigated. When EKWE and ECBE were 
used as substrates, laccase exhibited the highest activity at pH 4 and 5, respectively. 
Similar result was obtained in comparison with that found when the oxygenation 
process under alkaline condition was used. Both extracts oxidized by laccase also 
showed the gel strengthening effect on gelatin from cuttlefish skin but the oxidized 
gallic acid exhibited the slightly higher ability in improving bloom strength. Structure 
of gel incorporated with oxidized EKWE or ECBE had the larger strand and void, 
compared with the control gel. However, the addition of oxidized gallic acid yielded 
the gel with the larger strand but smaller voids. Thus, EKWE or ECBE oxidized via 
either oxygenation under alkaline condition or use of laccase could be used as an 
alternative gel enhancer for gelatin from cuttlefish skin. 
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CHAPTER 1 
 
INTRODUCTION 
 
Gelatin is commercially derived from collagen and the source, age and 
type of collagen influence the properties of the gelatins (Johnston-Banks, 1990). 
Gelatin has broad applications for food, pharmaceutical, cosmetic, and photographic 
industries. However, pessimism and strong concerns still persist among consumers of 
gelatin from land animals (Asher, 1999). This is mainly due to religious sentiments. 
Both Judaism and Islam forbid the consumption of any pork-related products, while 
Hindus do not consume cow-related products. Furthermore, the occurrence of bovine 
spongiform encephalopathy (BSE) and foot and mouth diseases have caused major 
concerns for human health (Badii and Howell, 2006). 
The gelatin industry primarily uses mammalian skins and bones as raw 
materials. Recently, by-products from fish processing, such as fish skins have been 
recognized as the promising alternative materials for gelatin extraction (Yang et al., 
2007). The effects of the extraction conditions on gelatin yield and the corresponding 
physical properties have been reported for the skins of many fish species, including 
channel catfish (Yang et al., 2008), megrim (Montero and Gomez-Guillen, 2000), 
tilapia (Choi and Regenstein, 2000), yellowfin tuna (Cho et al., 2005), Alaska pollock 
(Zhou et al., 2006), horse mackerel (Badii and Howell, 2006) and skate (Cho et al., 
2006).   
Cuttlefish has become an important fishery product in Thailand and is 
mainly exported worldwide. During processing, skin is generated as a byproduct with 
low market value and is mainly used as animal feed (Aewsiri et al, 2009). The 
extraction of gelatin from cuttlefish skin could increase its profitability. Kolodziejska 
et al. (1999) reported that soaking squid skin in 1% H2O2 in 0.01 M NaOH for 48 h 
could improve the color of the resulting collagen. Currently, Aewsiri et al. (2009) 
used H2O2 as a bleaching agent for pretreatment of cuttlefish skin prior to gelatin 
extraction and found that such a pretreatment had the influence on yield and 
properties of resulting gelatin.  
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Generally, gelatin from fish resources has poorer bloom strength, 
compared with mammalian gelatin, due to its lower imino acid content (Grossman 
and Bergman, 1992). Bloom strength of fish gelatin has been improved by chemical 
modification (glutaraldehyde, genipin, carbodiimides and phenolic compounds) 
(Chiou et al. 2006; Strauss and Gibon, 2004) or enzyme modification 
(tranglutaminase) (Gomez-Guillen et al. 2001; Kolodziejska et al. 2004). Phenolic 
compounds can interact with proteins through non-covalent and covalent interaction 
(De Freitas and Mateus, 2001; Rawel et al. 2000). Therefore, covalent bonding seems 
to play an important role in protein-phenol interaction, which is used to improve 
functional properties of protein.  
Strauss and Gibson (2004) reported that the addition of phenolic 
compounds in gelatin solution could increase the bloom strength of gelatin. Recently, 
Balange and Benjakul (2009) found that the incorporation of tannic acid into surimi 
mackerel increased gel strength of resulting gel. Phenolic compounds, especially 
tannin, are abundant in plants, especially in barks or woods. The use of the extract 
from bark or wood containing potential phenoilc compounds could be an alternative 
means to improve the bloom strength of gelatin from fish or cuttlefish. The 
information gained would be of benefit in using the natural extract containing 
phenolic compounds for strengthening the gelatin gel. Due to a plenty of kiam and 
cashew in the southern Thailand, they can be used as the potential source of phenolic 
compounds. The incorporation of phenolic compounds from kiam wood and cashew 
bark extracts, may improve functional properties of gelatin from cuttlefish, especially 
gel formation. The information gained can be applied in other proteins, in which 
functional properties can be maximized and full benefit can be gained.  
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Review of Literature  
 
1. Collagen and gelatin 
 
Collagen is abundant in tendons, skin, bone, the vascular system of 
animals, and the connective tissue sheath surrounding muscle, contributing to 
toughness of muscle. The collagen monomer is a long cylindrical protein about 2,800 
Å in length and 14-15 Å in diameter (Foegeding et al., 1996). Collagen has been 
identified and simple classification is shown in Table 1. Collagen molecules are 
composed of three α-chains intertwined in the so-called collagen triple-helix, a 
structure that provides an ideal geometry for inter-chain hydrogen bonding. The 
triple-helix is approximately 300 nm in length, and the chain has a molecular weight 
of approximately 105 kDa (Foegeding et al., 1996).  
 
Table 1. Classification of collagen. 
Type Description 
Type I This type occurs widely, primarily in connective tissue such as skin, 
bone, and tendons. 
Type II This type of collagen occurs practically exclusively in cartilage tissue. 
Type III This type strongly dependent on age: very young skin can contain up 
to 50%, but in the course of time this is reduced to 5-10% 
Other types The other types of collagen are present in very low amounts only and 
mostly organ-specific. 
Source: Schrieber and Geareis (2007) 
 
Collagen contains high contents of glycine (33%), proline (12%) and 
the occurrence of 4-hydroxyproline (12%) and 5-hydroxylysine (1%) is its 
characteristics (Burghagen, 1999). Glycine generally represents mainly one-third of 
the total residues, and it is distributed uniformly at every third position throughout 
most of the collagen molecule. The repetitive occurrence of glycine is absent in the 
first 14 or so amino acid residues from the N-terminus and the first 10 or so from the 
C-terminus. These end portions are termed “telopeptides” (Foegeding et al., 1996).  
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Collagen is the only protein that is rich in hydroxyproline; however, fish collagens 
contain less of this amino acid than do mammalian collagens (Foegeding et al., 1996). 
Collagen is generally almost devoid of tryptophan (Wong, 1989). Collagen structure 
is characterized by a repeating sequence of Gly-X-Y triplets, where X is mostly 
proline and Y is mostly hydroxyproline (Figure 1). Collagen is a hydrophilic protein 
because of the greater content of acidic, basic, and hydroxylated amino acid residues 
than lipophilic residues. Therefore, it swells in polar liquids (Johnston-Banks, 1990).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Order in collagen: (A) primary, (B) secondary and (C) and (D) tertiary and  
                (E) quaternary 
Source: Adapted from Arvanitoyannis (2002) 
D
C
B
A
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The secondary structure does not favor formation of α-helical chain 
segments because of the high number of prolyl and hydroxyprolyl residues. Collagen 
chains are helical macromolecules with a tendency mainly for interchain, rather than 
intrachain. The tertiary structure standing for large-scale folding and helicity of 
collagen is better understood through the fundamental unit tropocollagen. 
Tropocollagen is a right hand superhelix with a repeat unit of about 100 Å consisting 
of three left-hand strands. The quaternary structure refers to the formation of small to 
medium size aggregates of tropocollagen molecules, complex crystallites first 
identified by small angle X-ray diffraction (Arvanitoyannis, 2002) (Figure 1). 
Collagen molecules link end to end and adjacently to from collagen fibers. There is a 
periodicity in the cross-striations of collagen at about 640-700 Å intervals. The fibers 
are sometime arranged in parallel having great strength, as in tendons, or they may be 
highly branched and disordered, as in skin.  
The presence of proline stabilizes the helix structure by preventing 
rotation of the N-C bond. Hydroxyproline also stabilizes the collagen molecule, and 
collagen that contain small concentrations of both imino acids denature at lower 
temperatures than do those with large concentrations (Foegeding et al., 1996).  The 
imino acid content of fish collagens, and therefore their thermal stability, correlates 
with the water temperature of their normal habitat (Foegeding et al., 1996). 
Collagen denaturation causes the separation of the rods and total or 
partial separation of the chains due to destruction of the hydrogen bonds, leading to 
the loss of the triple-helix conformation. When the collagen is treated with alkali or 
acid and followed by or accompanied with heat, the fibrous structure of collagen is 
broken down irreversibly yielding gelatin (Zhou and Regenstein, 2004). Industrial 
gelatins are mixtures of different compounds: α-chains (one polymer chain), β-chains 
(two α-chains covalently crosslinked), and γ-chains (three covalently crosslinked α-
chains). The disruption of non-covalent bonds and its partial reversion affect the 
gelling properties of gelatin (Bigi et al., 1998). During the collagen-to-gelatin 
transition, many covalent bonds are broken along with some covalent inter- and intra-
molecular bonds (Shiff-base and aldo condensation bonds). This results in conversion 
of the helical collagen structure to a more amorphous form. These changes lead to the 
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denaturation of the collagen molecule but not to the point of a completely 
unstructured product (Foegeding et al., 1996). 
Collagen and gelatin consists of 18 different amino acids (Table 2). 
Although some differences in amino acid composition are apparent across collagens 
derived from different sources, there are certain features that are common and unique 
characteristic of all collagens. It is the only mammalian protein, which contains the 
large amounts of hydroxyproline and hydroxylysine, and the total imino acid (proline 
and hydroxyproline) content is high (Balian and Bowes, 1977). The amino acid 
composition of gelatin is very close to that of its parent collagen. 
 
Table 2. Amino acid composition of collagen and gelatin. 
No. residues/1000 residues 
Amino acid 
Bovine Collagen Pigskin Gelatin Calfskin Gelatin Bone Gelatin
Alanine 107 86-107 93-110 101-142 
Arginine 48 83-91 86-88 50-90 
Aspartic acid 47 62-67 66-69 46-67 
Glutamic acid 72 113-117 111-114 85-116 
Glycine 337 264-305 269-275 245-288 
Histidine 5 8-10 7-8 4-7 
Hydroxylysine  5 10 9-12 7-9 
Hydroxyproline 94 135 140-145 119-134 
Isoleucine 11 14 17-18 13-15 
Leucine 24 31-33 31-34 28-35 
Lysine 25 41-52 45-46 21-44 
Methoionine 4 8-9 8-9 0-6 
Phenylalanine 13 21-26 22-25 13-25 
Proline 129 162-180 148-164 135-155 
Serine 39 29-41 32-42 34-38 
Threonine 17 22 22 20-24 
Tyrosine 5 4-9 2-10 0-2 
Valine 20 25-28 26-34 24-30 
Source: Adapted from Arvanitoyannis (2002) 
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2. Fish gelatin 
 
Gelatin from marine sources is a possible alternative to bovine and 
porcine gelatin (Kim and Mendis, 2006; Rustad, 2003; Wasswa et al., 2007). One 
major advantage of marine gelatin is that they are not associated with the risk of 
outbreaks of Bovine Spongiform Encephalopathy. Fish gelatin is acceptable for Islam, 
and can be used with minimal restrictions in Judaism and Hinduism. Furthermore, the 
use of fish skin, which is a major byproduct of the fish-processing industry, could 
reduce the pollution, and could provide a valuable gelatin (Badii and Howell, 2006).  
Extraction of fish gelatin has been reported for several fish species 
such as Baltic cod (Kolodziejska et al., 2008), tilapia (Jamilah and Harvinder, 2002), 
megrim (Montero and Gomez-Guillen, 2000), sole and squid (Gimenez et al., 2009; 
Gomez-Guillen et al., 2002), pollock (Zhou and Regenstein, 2004), Nile perch 
(Muyonga et al., 2004), yellowfin tuna (Cho et al., 2005; Rahman et al., 2008), 
Atlantic salmon (Arnesen and Gildberg, 2007), skipjack tuna (Aewsiri et al., 2008); 
shark (Cho et al., 2004), skate (Cho et al., 2006), grass carp (Kasankala et al., 2007), 
bigeye snapper and brownstripe red snapper (Jongjareonrak et al., 2006) and channel 
catfish (Yang et al., 2007).  
The gelatin of cold and warm water fish differs in some physical and 
chemical properties, such as the amino acid composition, solubility, etc. (Yata et. al., 
2001). However, the commercial interest in cold water fish gelatin has been relatively 
low. Gelatin from cold water fish species exhibits a lower storage modulus, as well as 
lower gelling and melting temperatures, compared to mammalian gelatin and gelatin 
from warm water fish species due to a lower content of the imino acids, proline and 
hydroxyproline (Gudmundsson, 2002; Haug et al., 2004). 
 
2.1 Extraction of fish gelatin 
Collagenous material from fish skins is characterized by a low degree 
of intra and interchain covalent cross-linking, mainly involving lysine and 
hydroxylysine (Hyl) residues. Fish gelatin has been extracted using a number of 
different methods. The direct procedures used for preparing fish gelatin typically 
involve a mild chemical pretreatment of the raw material and mild temperature 
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conditions during the extraction process. In general, a mild acid pretreatment of the 
fish skin is used prior to gelatin extraction (Gomez-Guillen and Montero, 2001).  
The degree of conversion of the collagen into gelatin is related to the 
severity of both the pre-treatment and the extraction process, depending on pH, 
temperature, and extraction time (Johnston-Banks, 1990). Thermal solubilization of 
collagen is due to the cleavage of a number of intra- and intermolecular covalent 
crosslinks that are present in collagen. The extraction process can influence the length 
of the polypeptide chains and the functional properties of the gelatin (Bailey and 
Light, 1989). This depends on the processing parameters (temperature, time, and pH), 
the pretreatment, and the properties and preservation method of the starting raw 
material (Bailey and Light, 1989). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Preparative process for acidic and basic gelatins from collagen. 
Source: Tabata and Ikada (1998) 
 
All gelatin manufacturing processes consist of three main stages: 
pretreatment of the raw material, extraction of the gelatin, and purification and drying. 
Depending on the method in which the collagens are pretreated, two different types of 
gelatin (each with differing characteristics) can be produced (Figure 2). Type A 
gelatin (isoelectric point at pH 6–9) is produced from acid-treated collagen, and type 
B gelatin (isoelectric point at approximately pH 5) is prepared from alkali-treated 
pI = 9.0 pI = 5.0 
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collagen. Acidic treatment is most suitable for the less covalently crosslinked 
collagens found in pig or fish skins, while alkaline treatment is suitable for the more 
complex collagens found in bovine hides (Tabata and Ikada, 1987). 
Extraction processes have been modified to improve rheological 
properties or extraction yields.  Yang et al. (2008) reported a procedure for extracting 
gelatin with high gelling capacity and yield from channel catfish skins with acid 
pretreatment. Because of the acid lability of the crosslinks found in fish skin collagen, 
mild acid treatment is sufficient to produce adequate swelling and to disrupt the non-
covalent intra- and intermolecular bonds. Subsequent thermal treatment above 50 °C 
destroys hydrogen bonding and cleaves a number of covalent bonds, which 
destabilizes the triple-helix via a helix-to-coil transition and results in conversion to 
soluble gelatin.  
The yield and properties of gelatin depend on the kind of raw material, 
its pre-treatment and parameters of the process. Fish skins are especially suitable as a 
source of gelatin because it is easily extracted with high yield at relatively moderate 
temperature, usually at or below 50 °C (Gimenez et al., 2005a). Moreover, using 
minced skins instead of whole skins significantly shortens the time of extraction of 
gelatins (Kołodziejska et al., 2004). 
Fish skin preserved by different methods yielded the gelatin with 
different properties. Liu et al. (2008) extracted and characterized gelatin from channel 
catfish skins preserved using different methods. Gelatin from dried channel catfish 
skin exhibited higher gel strength, associated with the large α-chain content of gelatin 
from the dried skins. Gelling and melting points of gelatin from dried channel catfish 
skin were similar to those of gelatin from fresh skin, but distinctly different from 
those from frozen skin. 
In general, the extraction yield of fish gelatin is lower than mammalian 
gelatin, giving approximately between 6 and 19% (expressed as grams of dry gelatin 
per 100 g of clean skin) (Zhou and Regenstein, 2004). The lower extraction yield of 
fish gelatin could be due to the loss of extracted collagen through leaching during the 
series of washing steps or due to incomplete hydrolysis of the collagen (Jamilah and 
Harvinder, 2002). In addition, it has been reported that some heat-stable proteases 
endogenous to the skin are involved in the degradation of gelatin molecules 
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(specifically the β- and α-chains) during the extraction process at elevated 
temperatures, which contribute to the low bloom strength (Intarasirisawat et al., 
2007). 
To increase the extraction yield, Nalinanon et al. (2008) developed a 
pepsin-aided process in combination with a protease inhibitor (pepstatin A) for gelatin 
extraction from bigeye sanpper (Priacanthus tayenus) skin. The process markedly 
increased the yield from 22.2% to 40.3% (calculated based on the hydroxyproline 
content of the gelatin in comparison with that of the skin prior to extraction). The use 
of oxidizing agent could increase the extraction yield.  Aewsiri et al. (2009) reported 
that the extraction yield of gelatin from cuttlefish (Sepia pharaonis) skin increased 
when bleaching using hydrogen peroxide (using 2% and 5% w/v) was implemented. 
Gelatin extracted from skin bleached with 5% H2O2 showed the highest yield  
Gomez-Guillen et al., (2002) reported that the extraction yield varied 
slightly among the fish species (sole: 8.3%; megrim: 7.4%; cod: 7.2%; hake: 6.5%). 
Increasing temperature for extraction increased the yield of gelatin and the 
temperature required varied with species. Squid skin requires higher extraction 
temperatures (80 °C), but even under these conditions, the yield was only 2.6%, 
which was lower than yields from fish skin extracted using a milder procedure. In the 
cases of other species, the extraction yield of gelatin from skins ranged from about 
5.5% to 21% of the starting weight of the raw material (Gimenez et al., 2005b; 
Jamilah and Harvinder, 2002; Muyonga et al., 2004; Songchotikunpan et al., 2008). 
The variation in such values depends on the differences in both the composition and 
the amount of soluble components in the skins (Muyonga et al., 2004), which vary 
with the species and the age of the fish. In addition, the variation in extraction method 
can also have an effect on yields. The wide range in gelatin yields could also be 
attributed to differences in collagen content of the raw material (Songchotikunpan et 
al., 2008). Apart from extraction temperature, the sufficient time is also required for 
the higher yield. Kolodziejska et al. (2008) determine the optimal conditions (time 
and temperature) for gelatin extraction from different kinds of fish offal. Depending 
on the raw material, 30–100% of collagen was solubilized during heating for 15 min 
at 45 °C. The increase in the thermal solubility of collagen was very small or was not 
observed when extraction time at 45 °C was longer than 45–60 min. Increasing the 
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extraction temperature to 70 °C also did not affect collagen solubility, with the 
exception of fresh salmon skins. For fish skins, a temperature of 45 °C and extraction 
time of 15–60 min, depending on the kind of skins, were established as optimal 
conditions for extraction of gelatin (Koloziejska et al., 2004). 
 
2.2 Physical and functional properties of fish gelatin 
Properties of gelatin are affected by many factors, such as the average 
molecular weight and molecular distribution, concentration of gelatin solution, gel 
maturation time, gel maturation temperature, pH, and salt content (Choi and 
Regenstein, 2000; Norland, 1990). Physical and functional properties of fish gelatins 
have been studied extensively (Badii and Howell, 2006; Muyonga et al., 2004; Zhou 
and Regenstein, 2007). 
2.2.1 Physical properties 
  The physical properties of gelatin depend to a large extent on amino 
acid composition which is highly species specific (Gomez-Guillen et al. 2002). Table 
3 summarizes the amino acid composition of different types of fish gelatin. Generally, 
gelatins present in fish skins show a wider variety in amino acid compositions than 
those of mammalian gelatins. Their hydroxyproline and, to a lesser extent, proline 
contents are lower than those in mammalian gelatins, and this is compensated for by 
higher serine and threonine contents. In general, fish gelatins have lower imino acid 
contents than mammalian gelatins (Grossman and Bergman, 1992).  
Rheological properties of fish and mammalian gelatin are 
comparatively different. Haug et al. (2004) found that the main difference between 
fish and mammalian gelatins is the content of the imino acids, proline and 
hydroxyproline, which stabilize the ordered conformation when gelatin forms a gel 
network. The lower content of proline and hydroxyproline gives fish gelatin a low gel 
modulus, and low gelling temperature. The super-helix structure of the gelatin gel, 
which is critical for the gel properties, is stabilized by steric restrictions. Restrictions 
are imposed by the pyrrolidine rings of both imino acids in addition to the hydrogen 
bonds formed between amino acid residues. 
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Table 3. Amino acid composition of several marine and mammalian gelatins. 
No. residues/1000 residues 
Amino acid Cuttlefish 
skina 
Tunab Bigeye 
snapperc 
Bovineb Porcined 
Alanine 83 119 103 113 112 
Arginine 60 52 92 52 49 
Aspartic acid 72 44 61 46 46 
Glutamic acid 92 71 103 74 72 
Glycine 314 336 193 342 330 
Histidine 5 7 12 4 4 
Hydroxylysine 12 6 nd 5 6 
Hydroxyproline 91 78 91 83 91 
Isoleucine 20 7 10 11 10 
Leucine 26 21 27 24 24 
Lysine 12 25 38 25 27 
Methoionine 7 16 17 4 4 
Phenylalanine 12 13 21 12 14 
Proline 103 107 134 127 132 
Serine 40 48 38 39 35 
Threonine 24 21 32 33 18 
Tyrosine 7 3 6 4 3 
Valine 19 28 21 19 26 
Source: aHoque et al.(2010), bGomez-Estaca et al.(2009), cJongjareonrak et al. (2010) 
               and dZhou et al. (2007) 
 
Fish and mammalian gelatins have a polydisperse molecular weight 
distribution related to the collagen structure and production process. In addition to 
different oligomers of the alpha subunits, intact and partially hydrolyzed alpha-chains 
are also present, giving rise to a mixture containing molecules of different molecular 
weights (Schrieber and Gareis, 2007). Chiou et al. (2006) reported that pollock and 
salmon gelatins had slightly different molecular weight profiles compared to porcine 
gelatin, and that the fish gelatins had chains with slightly lower molecular weights. In 
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addition, the fish gelatins contained lower molecular weight species that were not 
present in the porcine gelatin. 
2.2.2 Structural properties 
Structure of gelatin is governed by the processes used for extraction. 
Some chemical used also contributed to the structural alternation of gelatin. Aewsiri 
et al. (2009) reported the changes in the secondary structure of gelatin extracted from 
dorsal and ventral skin with and without bleaching in 5% H2O2 for 48 h using FTIR 
spectra (Figure 3). Spectra of both dorsal and ventral skin gelatin displayed major 
bands at 3264 cm-1 (amide A, representative of NH-stretching, coupled with hydrogen 
bonding), 1628 cm-1  (amide I, representative of C=O stretching/hydrogen bonding 
coupled with COO-), 1550 cm -1 (amide II, representative of NH bending, coupled 
with CN stretching) and 1240 cm-1  (amide III, representative of NH bending).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Fourier transform infrared spectroscopic (FTIR) spectra of gelatin extracted  
                from dorsal (A) and ventral (B) cuttlefish skin with and without using 5%  
                H2O2 for 48 h. 
Source: Aewsiri et al. (2009)  
B
A
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FTIR spectra indicated the disorder in gelatin molecules and are 
associated with loss of triple helix state. However, cuttlefish skin gelatin from skin 
with and without bleaching for both dorsal and ventral skin had the similar spectra. 
The gelatin from the head bone of channel catfish (Ietalurus Punctatus) represented 
the similar FTIR spectra to that of porcine skin gelatin (Liu et al., 2008). The amide A 
band position was found at 3330 cm−1, which merged with the CH2 stretch peak when 
carboxylic acid groups existed in stable dimeric (intermolecular) associations 
(Muyonga et al., 2004). Amide B band was found at 3080 cm−1, where the amide B 
band of collagen always appeared. The spectrum of the gelatin dispersions also 
demonstrated the characteristic pattern reflecting the amide I band at 1650 cm−1, the 
amide II band at 1545 cm−1, and the amide III band at 1237 cm−1, respectively 
(Muyonga et al., 2004). 
2.2.3 Gelling properties 
Gel strength and gel melting point are the most important functional 
properties of gelatin. These are governed by molecular weight, as well as by complex 
interactions determined by the amino acid composition and the ratio of α/β-chains 
present in the gelatin (Cho et al., 2004). In addition, there is a strong correlation 
between gel strength and the α-chain content in gelatin. Gelatin containing more α-
chains would thus show higher gel strength. On the other hand, a high ratio of 
peptides with molecular weights higher or lower than the α-chains decreased gel 
strength (Liu et al., 2008).  
The gel strengths of commercial gelatins are expressed using bloom 
values. Bloom value is the weight in grams that is required for a specified plunger to 
depress the surface of a standard, thermostated gel to a defined depth under standard 
conditions (Schrieber and Gareis, 2007). The gelling strength of commercial gelatins 
ranges from 100 to 300, but gelatins with bloom values of 250–260 are the most 
desirable (Holzer, 1996). 
Fish gelatin typically has a bloom value ranging from as low as zero to 
270 (tested under the conditions of the standard bloom test), compared to the high 
bloom values for bovine or porcine gelatin, which have bloom values of 200–240. 
Some species of warm-water fish gelatins have been reported to exhibit relatively 
high bloom values, close to that of high bloom pork gelatin. Bloom values ranging 
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from 128 to 273 have been reported for tilapia gelatin (Jamilah, and Harvinder, 2002; 
Zhou et al., 2006).  
The wide range of bloom values found for the various gelatins arises 
from differences in proline and hydroxyproline content in collagens of different 
species, and is also associated with the temperature of the habitat of the animals. Badii 
and Howell (2006) have shown that hydrophobic amino acids (Ala, Val, Leu, Ile, Pro, 
Phe, and Met) could also contribute to the high bloom value of tilapia fish gelatin. 
They found a lower number of hydrophobic amino acids in the commercial non-
gelling cod gelatin, compared to tilapia and horse mackerel gelatin. It has been 
suggested that extraction conditions may affect the hydrophobic amino acid 
composition and distribution, which influences the physical properties of gelatin, even 
more than the imino acid content (Montero and Gomez-Guillen, 2000). 
Apart from variables concerning the origin of the raw material, the 
extraction conditions also markedly affect the gelling point and gel strength. Arnesen 
and Gildberg (2007) argued that the measurement of the standard bloom value may 
give an incorrect impression of the potential gel strength of fish gelatins. It is well 
known that gelatin gels strengthen during storage. The relative strengthening of fish 
gelatins was found to be much higher than the strengthening of porcine gelatin. The 
gel strength of cod gelatin extracted at 65 °C increased by 250% after 6 days of 
storage whereas the strength of porcine gelatin gel was increased by only 23%. 
As a thermo-reversible gel, gelatin gels will start melting when the 
temperature increases above a certain point, which is called the gel melting point, and 
is usually lower than human body temperature. This melt-in-the-mouth property has 
become one of the most important characteristics of gelatin gels, and is widely 
exploited in the food and pharmaceutical industries. The rheological properties of 
thermoreversible gelatin gels are primarily a function of temperature (below the 
melting point of the gel) and the concentration of gelatin for a given gelatin type 
(Zhou et al., 2006). Upon cooling, the random coils undergo a coil to helix transition 
(Kuijpers et al., 1999) during which they attempt to reform the original structure 
(Mackie et al., 1998). The resulting three dimensional network is responsible for the 
strength and integrity of the gelatin gel. 
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The main differences in the properties of mammalian and fish gelatins 
are that fish gelatins have lower gelling and melting temperatures, but relatively 
higher viscosities (Leuenberger, 1991). Typical gelling and melting points for porcine 
and bovine gelatins range from 20 to 25 °C and 28 to 31 °C, respectively (Gilsenan 
and Ross-Murphy, 2000a). In comparison, typical gelling and melting points for fish 
gelatins range from 8 to 25 °C and 11 to 28 °C, respectively. The wide range of 
gelling temperatures is greatly influenced by the origin of the raw material used in the 
process. Gilsenan and Ross-Murphy (2000b) compared the rheological properties and 
melting points of mammalian gelatin with gelatins from different types of fish. Warm-
water fish gelatins, however, have properties that are quite similar to mammalian 
samples. Similar studies have concluded that in general, the melting temperatures of 
gelatins derived from the skins of cold-water fish are significantly lower than those of 
collagens and gelatins from the skins of mammals and fish living in warm-waters, due 
to the lower imino acid contents and less proline hydroxylation (Gomez-Guillen et al., 
2002). Consequently, cold-water fish gelatins behave as a viscous liquid at room 
temperature, which limits their use in many applications. 
Gomez-Guillen et al. (2002) studied the rheological characteristics 
(viscoelasticity and gel strength) and chemical/structural properties of gelatins 
extracted from the skins of several marine species. Gelatins from sole and megrim 
(flat-fish) showed the best gelling ability, and the gels were more thermostable than 
those from cod and hake (cold-adapted fish). This difference in behavior was 
explained based on the amino acid composition, the α1/α2 collagen-chain ratio, and 
the molecular weight distribution. Although the amino acid composition is important 
for determining the gelling properties of a given gelatin, the average molecular weight 
and, more specifically, the distribution of α-, β-, or γ-chains, also affect the physical 
properties of gelatin (Gomez-Guillen et al. 2002).  
To improve the gel strength of gelatin from surimi processing wastes, 
different concentrations of transglutaminase (0.5, 1.0, 3.0 and 5.0 mg/g gelatin) were 
added to modify the gel properties of the fish gelatin. The modified fish gelatin gels 
obtained had higher gel strengths of 101.1 g and 90.56 g with added transglutaminase 
of 1.0 and 3.0 mg/g, respectively. However with addition of 5.0 mg/g enzyme, the 
increase only up to 75.06 g was obtained (Yi et al., 2006) 
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2.2.4 Emulsifying and foaming properties 
Gelatin is a relatively high molecular weight protein with amphiphilic 
nature. The isoelectric point of Type A gelatin (7–9) tends be higher than that of Type 
B gelatin (5) (Zayes, 1997). The relatively high isoelectric point (pI≥7.0) of Type A 
gelatin means that it should be possible to create oil-in-water emulsions that have a 
positive charge over a wider range of pH values than conventional protein emulsifiers, 
such as soy, casein or whey proteins (Dickinson and Lopez, 2001). Consequently, 
Type A gelatin may be suitable for creating oil-in-water food emulsions with high 
oxidative stability since it could repel iron ions from oil droplet surfaces over most of 
the pH range typically found in foods. Nevertheless, it is important to determine 
whether gelatin can be used to prepare emulsions that are also physically stable. Some 
previous studies have shown that gelatin is surface-active and is capable of acting as 
an emulsifier in oil-in-water emulsions (Lobo, 2002). However, gelatin often 
produces relatively large droplet sizes during homogenization (Dickinson and Lopez, 
2001; Lobo, 2002), so that it has to be either hydrophobically modified by attachment 
of nonpolar side-groups (Toledano and Magdassi, 1998) or used in conjunction with 
anionic surfactants to improve its effectiveness as an emulsifier (Surh et al., 2005). 
Surh et al. (2006) studied the properties and stability of oil-in-water 
emulsions stabilized by fish gelatin, and determined the influence of gelatin molecular 
weight (low molecular weight and high-molecular weight fish gelatin) in 20 wt% corn 
oil-in-water emulsions (pH 3.0, 10 mM imidazole-acetate buffer). Emulsions with 
mono-modal particle size distributions and small mean droplet diameters (d43∼0.35 
mm for low molecular weight and 0.71 mm for high-molecular weight fish gelatin) 
could be produced at protein concentrations of ≥4.0 wt % for both molecular weight 
fish gelatins. However, optical microscopy showed that there was always a small 
population of large droplets present in the emulsions after homogenization and some 
oil destabilization (≥2 wt %). The number of large droplets and the amount of 
destabilized oil was less in the high-molecular weight fish gelatin emulsions than in 
the low molecular weight fish gelatin emulsions. This effect may be attributed to the 
fact that the thickness of an adsorbed gelatin membrane increases with increasing 
molecular weight. Emulsions of both low- and high-molecular weight fish gelatins 
were fairly stable when subjected to high salt concentrations (250 mM sodium 
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chloride), thermal treatments (30 or 90 °C for 30 min), and different pH values (pH 3–
8), demonstrating that fish gelatin may have limited use as a protein emulsifier for oil-
in-water emulsions. 
   
2.3 Applications of fish gelatin 
Gelatin is sold to many sections of the food industry. The major areas 
of use are in table jellies, confectionery, meat products and chilled dairy products. It 
can be used in the pharmaceutical industry, especially for hard and soft capsule 
manufacture and in the photographic industry, which uses the unique combination of 
gelling agent and surface activity to suspend particles of silver chloride or light-
sensitive dyes.  
Since gelatin produced from the skins of fish does not gel at room 
temperature; gelation can take place at temperature below 8–10 °C. Fish gelatin can 
also be used in applications that do not require a high bloom value, relying on its 
other properties, such as prevention of syneresis and texturization. Fiszman et al. 
(1999) studied the effect of the addition of gelatin on the microstructure of acid milk 
gels and yogurt and on their rheological properties. The addition of 1.5% gelatin 
developed fairly firm and deformable gels with almost total absence of syneresis. 
Dynamic rheology showed that the yoghurts with added gelatin exhibited more solid-
like behaviour than the ones prepared without it. 
Fish gelatins with low melting points could also be used in dry 
products, and in fact, one of the major applications of fish gelatin is in the 
microencapsulation of vitamins and other pharmaceutical additives. Soper (1999) 
described a method for microencapsulation of food flavors such as vegetable oil, 
lemon oil, garlic flavor, apple flavor, or black pepper with warm-water fish gelatin 
(150–300 bloom).  
Gelatins from tuna or tilapia skin (warm-water fish) have a melting 
point of 25–27 °C (Choi and Regenstein, 2000) and have a bloom value of 200–250 g. 
These gelatins more closely resemble bovine or pig gelatin, which melts at 32–35 °C. 
Fish gelatin with lower gel melting temperatures had a better release of aroma and 
offered a stronger flavor (Choi and Regenstein, 2000). By increasing the 
concentration of gelatin or by using gelatin mixtures, desserts made from fish gelatins 
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would be more similar to desserts made from high bloom pork skin gelatin (Zhou and 
Regenstein, 2007).  
Cheng et al. (2008) observed that combinations of fish gelatin with 
pectin have been used to make a low-fat spread.  A decrease in the fish gelatin to 
pectin ratio (3:0, 2:1, 1:1 and 1:2) resulted in an increase in bulk density, firmness, 
compressibility, adhesiveness, elasticity, and meltability. Fish gelatin has also been 
used in the preparation of pharmaceutical products. Park et al. (2007) patented a 
process describing the preparation of a film-forming composition for hard capsules 
composed of fish gelatin. Using transglutaminase for crosslinking circumvented the 
problems caused by the low gelling temperature property of fish gelatin. 
 
2.4 Improvement of gel properties of fish gelatin  
Gelation of unmodified gelatin occurs by physical crosslinking, which 
generally leads to the formation of ‘‘junction zones,’’ followed by the formation of a 
three-dimensional branched network (Gilsenan and Ross-Murphy, 2000a). In 
enzymatically modified gelatin gels, wherein covalent bonds also participate in the 
formation of the three-dimensional branched network. Gomez-Guillen et al. (2001) 
reported that the addition of microbial transglutaminase to a fish skin gelatin can 
considerably raise the melting point, gel strength, and viscosity at 60 °C, depending 
on the concentration of the enzyme and incubation time. With increasing 
concentrations of transglutaminase, the elasticity and cohesiveness of the gels 
increased. The lower strength and hardness were obtained due to excessively rapid gel 
network formation. Ko1odziejska et al. (2004) also noted that the enzymatically 
crosslinked gels did not melt during heating in a boiling water bath. Babin and 
Dickinson (2001) observed that the magnitude of the effect of transglutaminase 
treatment on gelation and thermoreversibility depends on enzyme concentration. The 
reduction in the thermoreversibility of the gelatin gel was a result of the limited 
degree of covalent crosslinking, which becomes rapidly arrested by high temperature 
melting. In contrast, when more extensive covalent crosslinking occurs (both during 
cold-set gelation and following low temperature melting), the loss of 
thermoreversibility is dramatic. Ko1odziejska et al. (2004) also found that the 
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structures of enzymatically crosslinked fish gelatin gels were not destroyed during 30 
min of heating in a boiling water bath. 
Rheological and mechanical properties of fish gelatins (pollock and 
salmon) added with genipin and glutaraldehyde as crosslinking agents were studied 
by Chiou et al. (2006). Among the commercially available chemical crosslinkers, 
glutaraldehyde is one of the most widely used since it reacts rapidly with amine 
groups in the gelatin and is also relatively inexpensive (Chiou et al., 2006). Genipin 
(isolated from the fruits of Gardenia jasminoides Ellis) has attracted the interest as an 
alternative crosslinker to glutaraldehyde because of its lower toxicity. Both fish 
gelatins added with genipin showed the faster crosslinking rates at higher pH values. 
However, salmon gelatin exhibited greater dependence on pH, and pollock gelatin 
was crosslinked at a faster rate with glutaraldehyde than with genipin.  
Plant phenolic compounds have been used as the protein natured cross-
linker. Strauss and Gibson (2004) described the use of plant phenolics as crosslinkers 
of gelatin gels and gelatin based coacervates for future use as food ingredients. 
Phenolic compounds are known to react under oxidizing conditions with the amino 
side chains of peptides, leading to the formation of crosslinks in proteins. Phenolic 
compounds from coffee and commercial white grape juice were mixed with gelatin at 
various proportions and adjusted to the desired pH 8. Gelatin gels crosslinked using 
these phenolic compounds had the higher mechanical strength with reduced swelling 
and fewer free amino groups. More interestingly, the availability of coffee, grape 
juice, and various other plant materials containing sufficient concentrations of 
phenolic compounds made their direct use practical, thus eliminating the need to 
isolate the active components. Since crosslinked gelatin gels behave like non-
crosslinked gels of higher concentrations, they offer the possibility of developing 
gelled foods with reduced gelatin content and lower calories.  
Use of physical (ultrasound and ionizing radiation), enzymatic, and 
natural (plant phenolics and genipin) crosslinking agents will definitely enhance the 
gel strength of fish gelatin to compete with mammalian gelatin (Chiou et al. 2006). 
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3. Phenolic compounds 
 
Phenolic compounds as food components represent with more than 
6000 identified substances and have been known as the largest group of secondary 
metabolites in plant foods. They are characterized by a large range of structures and 
functions. They generally possess an aromatic ring bearing one or more hydroxy 
substituents (Robards et al., 1999). They are usually found in plants bound to sugars 
as glycosides (Hollman and Arts, 2000). In plants, phenolic compounds play a role in 
numerous processes, such as plant growth and reactions to stress and pathogen attack 
(Parr and Bolwell, 2000). Plant phenolic compounds are present in products ranging 
from food to sunblockers and paper. Phenolic compounds can be found in many foods 
and drinks from plant origin, e.g. fruits, vegetables, coffee (Clifford, 1999), tea 
(Lakenbrink et al., 2000), beer, wine and chocolate (Arts et al., 1999). Red wine for 
example has a total content of phenolic compounds of 1-4 g/L (Shahidi and Naczk, 
1995). Plant phenols are present in many foodstuffs as color imparting ingredients 
(e.g. anthocyanins in red wines, red cabbage, eggplant, strawberry, blueberry, 
raspberry, plum, cherry etc.) (Robards et al., 1999; Clifford, 2000; Hollman and Arts, 
2000). Interest in these compounds is related to their dual role as substrates for 
oxidative browning reactions and as antioxidants, underlining their impact on 
organoleptic and nutritional qualities of fruits and vegetables, their role in plant 
growth and metabolism and, more recently, their demonstrated physiological activity 
in humans (Friedman, 1997; Robards et al., 1999; Hollman and Arts, 2000). In both 
roles, the key process is oxidation (Robards et al., 1999). The oxidative browning is 
probably restricted to foods and is invariably detrimental although, in some instances 
(e.g. tea, cacao, dates, currants, sultanas), it is intentional and essential to the character 
of the product (Robards et al., 1999). This browning can be easily observed when 
fruits are damaged (Robards et al., 1999). One can also notice the high concentrations 
of phenolic compounds in tea and wine by the astringent sensation they give. The 
latter results from the precipitation of saliva proteins on the tongue by interactions 
with specific phenolic compounds (Charlton et al., 2002). If milk is added to tea, the 
proteins present in milk will bind most of the present phenolic compounds, leaving 
the saliva proteins unaffected. In beer and fruit juices, certain undesirable hazes 
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contain phenolic compounds and proteins (Beveridge et al., 1996), which suggests 
that phenolic compound-protein interactions play a role in haze formation (Siebert, 
1999). Recently, covalent interactions between proteins and caffeic acid were shown 
to improve network formation in gelatin gels, giving them a greater mechanical 
strength and a higher thermal stability (Strauss and Gibson, 2004).  
 
3.1 Structure and classification of phenolic compounds 
Phenolic compounds represent a wide range of molecules with a 
molecular mass from about 100 to 3,000-4,000 Da (Haslam, 1996). In Figure 4, a 
more complete classification according to the number of carbon atoms is given. It is 
adapted from the one given by O’Connell and Fox (2001) and divides the phenolic 
compounds into five groups (Figure 5). 
Classification of phenolic compounds is very complicated and can be 
based on several principles. The classification of phenolic compounds according to 
carbon number was suggested by Harbourne (Figure 6). Phenolic compounds are 
produced by two principal mechanisms, individually or in combination. One 
mechanism involves the linking of two-carbon units, i.e., activated acetate, to form 
polyketides which are then cyclizied to phenolic compounds, e.g., kosin, resorcinol, 
phloroglucinol and usnic acid. The second mechanism is the shikimic acid pathway 
via which tyrosine and cinnamic acids are produced through an intermediate, 
phenylalanine. Some intermediate molecular weight phenolic compouds, such as 
flavonoids, are produced by a combination of the two mechanisms, i.e., the A ring of 
flavonoids is acetate-derived (resorcinol or phloroglucinol), while the B ring is 
produced via the shikimic acid pathway (Figure 6). Flavonoids may be subdivided 
into five major groups: flavones, flavanols, flavonols, flavanones and anthocyanidins, 
which differ from each other principally through the oxygen-containing heterocyclic 
C-ring. Flavonoids can be sugar-free (aglycones) or glycosylated (usually at either the 
C-3 or C-7 position). The sugar moiety is usually glucose but flavanoid glycosides 
containing rhamnose, xylose, arabinose, galactose, galacturonic acid or glucuronic 
acid also exist.  
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Figure 4. Chemical structures of some simple phenols. 
Source: O’Connell and Fox (2001) 
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Figure 5. Classification of phenolic and related compounds. 
Source: O’Connell and Fox (2001) 
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Figure 6. Structure of monomeric units of phenolic. 
Source: adapted from Hemingway (1989) 
 
Polysaccharides, amines and lipids have also been reported to be 
esterified to phenolic compounds (Bravo, 1998). Lignans, another group of 
intermediate molecular weight phenolic compounds, are formed through the covalent 
linkage of two cinnamyl alcohols. Other minor classes of intermediate molecular 
weight phenolic compounds and related compounds include alkaloids and quinines. 
High molecular weight phenolic compounds include lignin (polymers of C6–C3 
hydroxycinnamate type compounds), condensed tannins (polymers of flavanols 
formed by oxidative condensation between the C-4 of the heterocyclic ring and the C-
6 and C-8 carbons of the adjacent rings) and hydrolyzable tannins (Bravo, 1998). 
Third classes of tannins, phlorotannins, are produced by brown marine algae (Ragan 
and Glombitza, 1986). 
 
3.2 Oxidation of phenolic compounds  
Ortho-diphenolic compounds can be oxidized into o-quinones (Figure 
7). These quinones can be formed enzymatically or non-enzymatically. Non-
enzymatic oxidation occurs readily at alkaline pH (Yabuta et al., 2001). It has been 
proposed that non-enzymatic oxidation could also be rather important at low pH 
during prolonged food storage.  
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Figure 7. Oxidation of o-diphenol into a quinone. 
Source: Prigent (2005)  
 
3.2.1 Enzymatic oxidation 
Quinones can be formed via the action of two types of enzymes: 
polyphenol oxidases and peroxidases. Quinones are produced by peroxidases via the 
formation of radicals. Peroxidases require the presence of hydrogen peroxide 
(Matheis and Whitaker, 1984), which thus makes their role in foods limited compared 
to the action of polyphenol oxidases.  
Polyphenol oxidases are divided into catechol oxidases and laccases. 
Both enzymes can oxidize phenolic substrates using molecular oxygen (Osuga et al., 
1994). Catechol oxidases can catalyze the oxidation of o-diphenols to o-quinones 
using their catecholase activity (Mayer and Harel, 1979) (Figure 8). Furthermore, 
when they also possess the so-called cresolase activity, catechol oxidases may convert 
monophenols to o-diphenols (Mayer and Harel, 1979; Rodriguez-Lopez et al., 2001) 
(Figure 8).  
 
 
Figure 8. Cresolase and catecholase mechanisms of polyphenol oxidase. 
Source: Adapted from Matheis and Whitaker (1984) 
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Laccases are able to oxidize a broader range of substrates than catechol 
oxidases, including p-diphenols (Mayer and Harel, 1979; Mayer and Staples, 2002) 
and non phenolic compounds e.g. phosphorothiolates (Amitai et al., 1998). Apart 
from oxidation, they are also able to catalyze other reactions such as demethylation 
and (de-) polymerization of phenolic compounds (Mayer, 1987). 
Catechol oxidase is usually called tyrosinase in mammals and 
mushrooms (Sanoner, 2001). Tyrosinases from mammals are relatively specific for 
tyrosine and DOPA (dihydroxyphenylalanine), whereas catechol oxidases from fungi 
and higher plants show activity on a wider range of mono- and o-diphenols (Mayer 
and Harel, 1979). Mushroom tyrosinase from Agaricus bisporus, is a copper-
containing enzyme with a molecular weight around 110 kDa and a pI of 4.7-5.0 (Robb 
and Gutteridge, 1981). It is a tetramer formed from two subunits of 43 kDa and two 
subunits of 13 kDa (Robb and Gutteridge, 1981). The pH optimum of most catechol 
oxidases is between pH 5.0 and 7.0. The optimal pH of mushroom tyrosinase was 7.0 
and the negligible activity was found at pH 4.0 (McCord and Kilara, 1983).  
3.2.1.1. Laccases 
Laccase is a cuproprotein belonging to a small group of enzymes 
denominated blue oxidases. Laccase (E.C.1.10.3.2, p-benzenediol:oxygen 
oxidoreductase) is an oxidoreductase able to catalyze the oxidation of various 
aromatic compounds (particularly phenols) with the concomitant reduction of oxygen 
to water. In general, laccases contain four copper atoms, which play an important role 
in the enzyme catalytic mechanisms. Copper atoms are distributed in different binding 
sites and are classified in three types, according to specific spectroscopic and 
functional characteristics (Duran et al., 2000). 
In a typical laccase reaction, a phenolic substrate is subjected to a one-
electron oxidation, giving rise to an aryloxyradical. This active species can be 
converted to a quinone in the second stage of the oxidation. The quinone as well as 
the free radical product undergo non-enzymatic coupling reactions, leading to 
polymerization (Duran et al., 2000). 
Laccases are characterized by low substrate specificity and their 
catalytic competence varies widely depending on the source. Simple diphenols such 
as hydroquinone and catechols are good substrates for the majority of laccases, but 
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guaiacol and 2,6-dimethoxyphenol generally are better substrates. Laccase is also able 
to catalyze the oxidation of other substituted polyphenols, aromatic amines, 
benzenethiols and a series of other compounds, but the enzyme, unlike tyrosinases, is 
unable to oxidize tyrosine. N-Hydroxybenzotriazol, violuric acid and N-
hydroxyacetanilide are three       N–OH compounds capable of mediating a range of 
laccase-catalyzed biotransformation. 
3.2.1.2 Application of laccase 
      Oxidoreductases are of great interest for many applications in 
biotechnology, food processing, medicine, and the textile and pulp and paper industry, 
especially due to their ability to polymerize compounds (Aberg et al., 2004;  Freddi et 
al., 2006; Lantto et al., 2007a). The ability to oxidize various small molecular weight 
phenolic compounds in biopolymers, and the high reactivity of the primary oxidation 
products, also provide a basis for the wide application potential of laccase. Laccase-
catalyzed oxidation reactions and high reactivity of the produced radicals can lead to 
polymerization of the substrates. Laccases have widely been reported to crosslink 
arabinoxylan (AX) and pectin via the ferulic acids that are esterified to the 
biopolymers (Figueroa-Espinoza et al., 1999; Labat et al., 2000). Laccase has also 
been reported to catalyze polymerization of certain peptides and proteins (Mattinen et 
al., 2005; Færgemand et al., 1998; Lantto et al., 2005b; Mattinen et al., 2006; 
Shotaro, 1999; Si and Sorensen, 1993; Yamaguchi, 2000). Furthermore, laccase has 
been shown to form crosslinks between phenolic acids. The broad substrate specificity 
of laccases, i.e. the ability to oxidize a wide variety of phenolic as well as non-
phenolic compounds, makes them attractive enzymes for applications in various 
biotechnological processes. 
 
3.2.2 Non-enzymatic oxidation 
The formation of quinones may also occur in the absence of an 
enzyme. Increasing the pH induces the deprotonation of the phenolic hydroxyl group, 
eventually leading to the formation of quinones. This method is used in food industry 
e.g. to produce black olives by treating them with diluted NaOH in order to oxidize 
the caffeic acid and hydroxytyrosol present in olives (Garcia et al., 1996). An 
additional possibility to form quinones is the uses of an oxidizing reagent such as e.g. 
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periodate (Harrison and Hodge, 1982). Quinones themselves are unstable compounds, 
which tend to react by an oxido-reduction mechanism with other molecules, by 
oligomerization with other phenolic compounds, or by covalent reactions with other 
molecules such as proteins (Prigent, 2003). 
 
4. Impact of protein cross-linking in foods 
 
The general objective in the food industry is to use oxidative cross-
linking enzymes in cereal, dairy and meat applications for improving the textural 
quality of the end-products. In cereal applications, for example, breadmaking quality 
of weak flours can be improved by oxidative enzymes, especially when combining 
oxidative enzymes with hydrolytic enzymes, such as xylanases (Primo-Martin et al., 
2003). In dairy products, crosslinking can be exploited for prevention of syneresis or 
to make a soft texture firmer. Alternatively, low-fat fermented milk products with 
acceptable sensory properties can be produced. In the meat industry, cross-linking 
enzymes can be exploited in strengthening product texture, particularly in products 
with low salt and fat contents (Lantto 2005a and 2007a). Furthermore, hetero-cross-
linking of cereal, milk and meat biopolymers can provide a potential tool to create 
novel food products with specific functionalities and characteristics.  
The action of polyphenoloxidase can be inhibited by removal of the 
oxygen or of the phenolic substrate. For example, the addition of 
polyvinylpyrrolidone, a synthetic polyamide, which interacts with some phenols, 
makes them unavailable for the enzyme (Mayer and Harel, 1979). The enzyme can 
also be inactivated by the direct interaction with an inhibitor, e.g. EDTA, which binds 
to copper in the active site (Mayer and Harel, 1979). Another way of neutralizing the 
phenolic oxidation is the addition of reducing compounds, like vitamin C or certain 
thiol compounds, which revert the oxidized phenolic to the original compound 
(Negishi and Ozawa, 2000; Richard-Forget et al., 1992). 
Phenolic compounds can interact with proteins in two different ways: 
via non-covalent (reversible) interactions and via covalent interactions, which in most 
cases are irreversible. Two types of complexation mechanisms can be distinguished: a 
monodentate and a multidentate mechanism (Haslam, 1989). “Monodentate” means 
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that a phenolic compound interact with only one protein site. At a high phenolic 
compound to protein ratio, phenolics can form a layer around a protein molecule, 
thereby more or less covering its surface, via a monodentate mechanism (Figure 9). 
The layer at the surface of the protein makes it less hydrophilic, which may lead to 
aggregation. The other mechanism, the multidentate mechanism, applies only to 
phenolic compounds with sufficient size to be able to interact with more than one site, 
thus being able to form cross-links between proteins (Figure 9). Both complexation 
mechanisms may lead to aggregation and precipitation (Charlton et al., 2002; Haslam, 
1989). The multidentate mechanism requires a much lower phenolic compound / 
protein molar ratio and thus a lower phenolic compound concentration than the 
monodentate mechanism (Haslam, 1989). 
   
 
Figure 9. Monodentate and multidentate mechanism. 
Source: Adapted from Haslam (1989) 
 
The non-covalent and covalent interactions between phenolic 
compounds and proteins do not only depend on the phenolic compound / protein ratio, 
but also on factors such as steric hindrance and the polarity of both the protein and the 
phenolic compound involved. Therefore, the nature and the sequence of amino acids 
residues in the protein chain are of particular importance (Haslam, 1989). Phenolic 
compound interact non-covalently or covalently with proteins. Non-covalent 
interactions including hydrogen bonds and hydrophobic forces stabilize tannin-protein 
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complexes (Chen and Hagerman, 2004). The non-covalent interaction may occur 
between polyphenols and many different functional groups of proteins by hydrogen 
bonding and by hydrophobic bonding. In some cases, ionic bonding may be possible. 
Covalent attachment can occur depending on the polarity of the polyphenol (Siebert et 
al., 1999; Hagerman et al., 1998; Kroll et al., 2003; Rawel et al., 2002).  
In the situation in which the number of phenolic compounds ends 
equals the number of protein binding sites, the largest network can be produced 
(Siebert et al., 1999). The complexation between phenolic compounds and proteins 
can be reversible or irreversible, leading to soluble and insoluble complexes (de 
Freitas and Mateus, 2001). In general, the increase in phenolic compounds 
concentration favors the formation of the phenolic compounds-protein insoluble 
aggregates (De Freitas and Mateus, 2001). Interaction will occur if the protein has a 
number of binding sites for tannins and protein-tannin complex formation can be 
enhanced (Sarker et al., 1995). 
 
5. Kiam tree (Cotylelobium lanceotatum craih) and cashew tree (Anacardium  
   occidentale) 
 
Kiam (Cotylelobium lanceotatum craih) tree and cashew tree 
(Anacardium occidentale) are very common in the southern part of Thailand. Pieces 
of wood from kiam tree and bark from cashew have been traditionally submerged in 
sugar palm sap in Thailand to prevent or retard microbial fermentation (Chanthachum 
and Beuchat, 1997). The leaves, stem bark, stem and fruits of cashew tree have been 
used in popular medicine. The bark is astringent and rich in tannin, which would 
justify its popular indication for healing wounds. It is also indicated for combating 
hypertension, in the treatment of gastric disturbances and for anti-inflammatory and 
bactericidal treatment (Akinpelu, 2000). 
Kiam wood extract contained tannin as the major constituent and could 
be used as the natural protein cross-linker (Balange and Benjakul, 2009). To 
maximize the use of this wood extract as the processing aid, the preparation condition 
including pH adjustment prior to oxidation should be optimized (Balange and 
Benjakul, 2009). 
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Objectives 
 
1. To study some factors affecting the extraction of gelatin from skin of    
  cuttlefish. 
2. To characterize and study the functional properties of gelatin from the   
  skin of cuttlefish.      
3. To study the effect of oxidation processes of kiam wood and cashew  
  bark extract on protein crosslinking and gel enhancing ability of   
  gelatin from skin of cuttlefish. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 CHAPTER 2 
 
MATERIALS AND METHODS 
 
1. Chemicals and enzyme 
 
Urea was purchased from Univar (worksafe, Australia). Glycerol was 
procured from Wako Pure Chemical Industry, Ltd. (Tokyo, Japan). Ethanol, p-
dimethylaminobenzaldehyde, trichoroacetic acid, Folin-Ciocalteu’s phenol reagent, 
acetic acid, hydrogen peroxide (H2O2) and tris (hydroxymethyl) aminomethane were 
obtained from Merck (Darmstadt, Germany). 2-Mercaptoethanol (βME), bovine 
serum albumin, ferulic acid, tannic acid, catechin, 2,4,6-trinitrobenzenesulfonic acid 
(TNBS) and protein maker were obtained from Sigma Chemical Co. (St. Louis, MO, 
USA). Sodium dodecyl sulfate (SDS), Coomassie Brilliant Blue G250 and N,N,N’,N’-
tetramethyl ethylene diamine (TEMED) were purchased from Bio-Rad Laboratories 
(Hercules, CA, USA). Food grade bovine bone gelatin was procured from Halagel 
(Thailand) Co., Ltd. (Bangkok, Thailand). Gallic acid and laccase from trametes 
versicolor (EC 1.10.3.2) (23.1U/mg) were purchased from Fluka Chemicals (Kassel 
Germany). Type I collagen from calf skin was purchased from Elastin products Co., 
INC. (Owensville, MO, USA.).  
 
2. Raw materials 
 
Preparation of cuttlefish skin 
Dorsal skin of cuttlefish (Sepia pharaonis) was obtained from a dock 
in Songkhla province. Cuttlefish skin was stored in ice with a skin/ice ratio of 1:2 
(w/w) and transported to Department of Food Technology, Prince of Songkla 
University within 1 h. Upon arrival, cuttlefish skin was washed with tap water and cut 
into small pieces (1×1 cm), placed in polyethylene bags and stored at −20°C until use. 
Storage time was not greater than 2 months. Prior to extraction, frozen skin was 
thawed using running water until the core temperature reached 10°C 
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Collection and preparation of kiam (Cotylelobium lanceotatum craih) wood 
and cashew (Anacardium occidentale) bark 
Kiam wood was obtained from a forest of Phattalung province. The 
tree was about 15-20 years old. The tree was cut by using a sawing machine and the 
trunk was sun-dried for three months. Cashew bark was obtained from a forest of 
Songkhla province. The tree was about 15-20 years old. The tree was peeled using a 
big knife and the bark was collected. The pieces of wood and bark with an average 
thickness of 1.5 cm were dried in hot air oven at 70°C for 8 h. Prepared wood and 
bark were ground using a portable grinding machine with a sieve size of 6 mm. This 
coarse form was blended using a blender and finally sieved using a stainless steel 
sieve of 80 mesh size. 
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3. Equipments 
Instruments Model Company/Country 
pH meter CG 842 Schott,Germany 
Magnetic stirrer BIG SQUID IKA®-WERKE GMBH &  
CO.KG, Staufen, Germany 
Overhead stirrer RW 20.n IKA®-WERKE GMBH &  
CO.KG, Staufen, Germany 
Vortex mixer G-560E Scientific Indrustries Inc., 
NY, USA 
Refrigerated centrifuge Avanti J-E BECKMAN COULTER, 
Inc., USA 
Compact-PAGE apparatus PAGEL®-Compact Atto Co., Tokyo, Japan 
Electrophoresis apparatus Mini-Protean II Bio-Rad Laboratories, Inc., 
USA. 
Freeze dryer CoolSafe 55 ScanLafA/S, Lynge, 
Denmark 
Colorimeter ColorFlex HunterLab Reston, VA, 
USA 
Electro scanning 
microscope 
JSM-5800 LV JEOL, Tokyo, Japan 
Texture analyzer TA-XT2 Stable Micro Systems, 
Surrey, England 
Double-beam 
spectrophotometer 
UV-1601 SHIMADZU Corp.,  
Australia 
Homogenizer T25  basic IKA LABORTECHNIK, 
Selangor, Malaysia 
Rotary vacuum evaporator N-1000 Tokyo Rikakikai, Tokyo, 
Japan 
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4. Extraction of gelatin from cuttlefish skin 
 
4.1 Effect of pre-treatment conditions on the removal of non-collagenous  
protein 
To remove non-collagenous protein, skin was soaked in pretreatment 
solutions containing NaOH and H2O2 at different concentrations (0.2, 0.4 and 0.5 N 
NaOH and 0, 0.5 and 0.75% H2O2) with a skin/solution ratio of 1:10 (w/v). The 
mixture was stirred for 12 h with the changes of solutions every 3 h at 4°C. The 
mixture was then filtered using a layer of cheesecloth. Filtrates were subjected to the 
determination of hydroxyproline content (Bergman and Loxley, 1963) (Appendix 5) 
and protein content using the Biuret method as described by Robison and Hodgen 
(1940) (Appendix 6). The treated skin was washed with tap water until the pH of 
washed water became neutral. The color of pretreated skin was determined by a 
colorimeter (L*, a* and b* values). The concentrations of both NaOH and H2O2 
yielding the soaking solution with the lowest hydroxyproline but the highest protein 
content were chosen for further study.  
 
4.2 Effect of hydrogen peroxide treatment on extraction efficacy and gelatin 
property 
The pretreated skin (section 4.1) was soaked in H2O2 solution with 
different concentrations (0, 5, 7.5 and 10% v/v) using a pretreated skin/solution ratio 
of 1:10 (w/v). The mixture was stirred continuously for 48 h at 4°C. All samples were 
washed using tap water until neutral pH of wash water was obtained. The obtained 
skin was used for gelatin extraction. 
 
4.2.1 Extraction of gelatin from pretreated skin 
4.2.1.1 Gelatin extraction 
The pretreated and H2O2-treated skin samples were transferred to a 
beaker and 5 volumes of warm (50°C) water were added. During extraction of 12 h at 
50°C, the mixture was stirred continuously using a stirrer equipped with a propeller 
(IKA® Laboratory equipment, Staufen, Germany). During the extraction, the volume 
was checked and maintained with water (50°C) every 3 h. The extract was centrifuged 
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at 8,000 ×g for 30 min using a centrifuge (Avanti J-E, BECKMAN COULTER Inc., 
Newton, CT, USA) at room temperature to remove insoluble material. The 
supernatant was collected and freeze-dried (CoolSafe 55, ScanLafA/S, Lynge, 
Denmark). The yield of gelatin obtained was calculated and expressed as the 
percentage of dry matter, relative to that of cuttlefish skin. Gelatin was subjected to 
SDS-PAGE according to the method of Laemmli (1970) (Appendix 7). Additionally, 
gelatin gel was prepared and subjected to following analyses.  
 
4.2.2 Analyses of gelatin gel  
4.2.2.1 Preparation of gelatin gel 
Gelatin gels were prepared following the method of Fernabdez-Diaz 
and Gomez-Guillen (2001) with a slight modification. Gelatin was dissolved with 
distilled water at 60°C for 30 min to obtain the final concentration of 6.67% (w/v). 
The solution was stirred until the gelatin was solubilized completely and transferred to 
a beaker. The gelatin solution was cooled in a refrigerator at 10°C for 16–18 h for gel 
maturation.  
4.2.2.2 Determination of bloom strength 
The bloom strength of the gelatin gels at 10°C was determined using a 
Model TA-XT2 Texture Analyzer (Stable Micro System, Surrey, UK) with a load cell 
of 5 kN and equipped with a 1.27 cm diameter flat-faced cylindrical Teflon® plunger. 
The maximum force (in grams), when the penetration distance of 4 mm was obtained, 
was recorded. The speed of the plunger was 0.5 mm/s. The measurement was 
performed in five determinations. 
4.2.2.3 Determination of color 
Gelatin gel (6.67%, w/v) was prepared as described previously. Color 
of gel samples was determined using a colorimeter (ColourFlex, HunterLab Reston, 
VA). CIE L* (lightness), a* (redness/greenness) and b* (yellowness/blueness) values 
were measured.  
The extracting conditions, which resulted in the highest bloom strength 
and yield, were chosen for further study. 
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4.3 Effect of temperature and time on gelatin extraction 
The pretreated and H2O2-treated skins (from section 4.2) were 
transferred to beakers, and mixed with warm water having different temperatures (50, 
60 and 70°C) using a sample/water ratio of 1:5 (w/v). The mixtures were stirred 
continuously for 6, 12 or 18 h. During extraction, the volume of mixture was 
maintained by adjusting the volume of total mixture using the water pre-incubated at 
the extraction temperatures every 3 h. After the extraction time designated, the 
mixtures were centrifuged at 8,000 ×g for 30 min using a centrifuge at room 
temperature to remove insoluble material. The supernatant was collected and freeze-
dried. The yield of gelatin obtained was calculated and expressed as previously 
described. Gelatins were subjected to analyses as appeared in section 4.2.2. 
Additional analyses were conducted as follows: 
 
4.3.1 Determination of chemical compositions 
Moisture, ash, fat and protein contents of gelatins were determined 
according to the method of AOAC (2000) with the analytical NO. of 950.46, 942.05, 
991.36 and 992.15, respectively (Appendix1-4) and expressed on dry weight basic. 
Hydroxyproline content was determined according to the method of Bergman and 
Loxley (1963) (Appendix 5). 
 
4.3.2 SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 
Protein patterns of gelatin were analyzed by SDS-PAGE according to 
the method of Laemmli (1970) (Appendix 7). The gelatin was dissolved in 5% SDS 
solution. The mixture was then homogenized using a homogenizer (IKA 
Labortechnik, Selangor, Malaysia) at a speed of 11,000 rpm for 1 min. The 
homogenate was incubated at 85°C for 1 h to dissolve total proteins. The samples 
were centrifuged at 8,500 ×g for 5 min to remove undissolved debris. Solubilized 
samples were mixed at 1:1(v/v) ratio with the sample buffer (0.5 M Tris-HCL, pH 6.8 
containing 4% SDS, 20% glycerol) in the presence or absence of 10% βME. The 
samples were loaded onto the polyacrylamide gel made of 7.5% running gel and 4% 
stacking gel and subjected to electrophoresis at a constant current of 15 mA per gel, 
using a Mini Protein II unit (Bio-Rad Laboratories, Inc., Richmond, CA, USA). After 
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separation, the proteins were stained with 0.05% (w/v) Coomassie Brilliant Blue R-
250 in 15% (v/v) methanol and 5% (v/v) acetic acid and destained with 30% methanol 
(v/v) and 10% (v/v) acetic acid, followed by 5% methanol (v/v) and 7.5% (v/v) acetic 
acid. 
 
4.3.3 Measurement of turbidity of gelatin solution 
The turbidity of gelatin solution was determined according to the 
method of Fernabdez-Diaz and Gomez-Guillen et al. (2001). The gelatin was 
dissolved in distilled water at 60 °C to obtain a final concentration of 1% (w/v) and 
the mixture was stirred at room temperature until gelatin was completely solubilized. 
The gelatin solution was measured at 360 nm, using a Double-beam 
spectrophotometer.  
 
4.3.4 Determination of emulsifying properties 
Emulsion ability index (EAI) and emulsion stability index (ESI) of 
gelatin were determined according to the method of Pearce and Kinsella (1978) with a 
slight modification. Soybean oil (2 ml) and gelatin solution (1% protein, 6 ml) were 
homogenized (Model T25 basic; IKA Labortecnik, Selangor, Malaysia) at a speed of 
20,000 rpm for 1 min. Emulsions were pipetted out at 0 and 10 min and 100-fold 
diluted with 0.1% SDS. The mixture was mixed thoroughly for 10 s using a vortex 
mixer. A500 of the resulting dispersion was measured using a spectrophotometer (UV-
160, Shimadzu, Kyoto, Japan). EAI and ESI were calculated by the following 
formulae: 
EAI (m2/g) = (2×2.303×A×DF)/løC 
where A=A500, DF=dilution factor (100), l=path length of cuvette (m),  ø=oil volume 
fraction and C=protein concentration in aqueous phase (g/m3); 
ESI (min) = A0/ΔA×Δt 
where A0=absorbance at 500 nm, ΔA=A0 − A10 , A10=absorbance at 500 nm after 
leaving at room temperature for 10 min and Δt=10 min. 
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4.3.5 Determination of foaming properties 
Foam expansion (FE) and foam stability (FS) of gelatin solutions were 
determined as described by Shahidi et al. (1995) with a slight modification. Gelatin 
solution with 1% protein concentration was transferred into 100 ml cylinders. The 
mixtures were homogenized for 1 min at 13,400 rpm for 1 min at room temperature. 
The sample was allowed to stand for 0, 30 and 60 min. FE and FS were then 
calculated using the following equations: 
FE (%) = (VT/V0) x 100 
FS (%) = (Vt/V0) x 100 
where VT is total volume after whipping; V0 is the original volume before whipping 
and Vt is total volume after leaving at room temperature for 30 min. 
 
4.3.6 Determination of solubility 
The gelatin solubility was determined by the method of Montero et al. 
(1991) with a slight modification. The gelatin was dissolved in distilled water (60 °C) 
to obtain a final concentration of 2% (w/v) and the mixture was stirred at room 
temperature until gelatin was completely solubilized. The gelatin solution (8 ml) was 
added to a 50 ml centrifuge tube and the pH was adjusted with either 6 N NaOH or 6 
N HCl to obtain a final pH ranging from 1 to 10. The volume of solutions was made 
up to 10 ml by distilled water previously adjusted to the same pH as the gelatin 
solution. The solution was centrifuged at 8,500 g at room temperature for 10 min. 
Protein content in the supernatant was determined by the Biuret method using bovine 
serum albumin as a standard. The solubility was expressed as mg protein/ g sample. 
 
4.3.7 Fourier transform infrared (FTIR) analysis 
Gelatin showed the highest bloom strength was subjected to FTIR 
analysis. FTIR spectra of gelatin samples were recorded using a horizontal ATR 
Trough plate crystal cell (45° ZnSe; 80 mm long, 10 mm wide and 4 mm thick) (PIKE 
Technology Inc., Madison, WI, USA) equipped with a Bruker Model Equinox 55 
FTIR spectrometer (Bruker Co., Ettlingen, Germany) at room temperature. For 
spectra analysis, gelatin samples were placed onto the crystal cell and the cell was 
clamped into the mount of the FTIR spectrometer. The spectra in the range of 600–
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4000 cm−1 with automatic signal gain were collected in 16 scans at a resolution of 4 
cm−1 and were rationed against a background spectrum recorded from the clean empty 
cell at 25°C. Gelatin from bovine bone was also subjected to FTIR analysis in the 
same manner. The FTIR spectra were then compared. 
 
5. Study on gelatin cross-linking activity of commercial phenolic compounds, 
kiam wood and cashew bark extracts and the effect on properties of gelatin gel 
 
5.1 Preparation of kiam wood and cashew bark extracts 
 
5.1.1 Preparation of ethanol extracts 
Ethanol extracts from kiam wood and cashew bark powder (section 2) 
were prepared as per method of Santoso et al. (2004) with slight modifications. Each 
sample (10 g) was homogenized with 150 mL of ethanol using a homogenizer at 
10,000 rpm for 2 min. The homogenate was stirred at room temperature (28-30°C) 
using a magnetic stirrer for 12 h and centrifuged at 5000 ×g for 10 min at 25°C and 
the supernatant was filtered through a Whatman filter paper No. 1. The collected 
supernatants were evaporated to remove ethanol using a rotary evaporator (EYELA, 
N-100, Tokyo Rikakikai, Tokyo, Japan). The dried residue was redissolved in the 
minimal volume of ethanol. The extract was then dried in a hot air oven at 70°C for 
12 h. Dried extract was powdered using a mortar and pestle. Extract powder referred 
to as ethanolic kiam wood extract (EKWE) and ethanolic cashew bark extract 
(ECBE). Both EKWE and ECBE were kept in a desiccator at room temperature until 
used. 
 
5.1.2 Total phenolic content 
Total phenolic content was determined by a colorimetric method using 
the Folin–Ciocalteau reagent, measured as gallic acid equivalents. Solutions of 
EKWE and ECBE were prepared at a concentration of 0.5 mg/ml in the aqueous 
ethanol. Aliquots (100 µ) were separately added to test tubes containing 2.0 ml of 2% 
sodium carbonate solution. After 2 min, 100 μ of the Folin–Ciocalteau reagent 
(diluted 1:1 with water) were added and vortexed. After 30 min, the absorbance of the 
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resulting mixture was measured at 760 nm using a spectrophotometer. The 
concentration of total phenolic compounds in EKWE and ECBE were calculated from 
a standard curve (0.01-0.1mg/g extract) and expressed as microgram of tannic acid 
equivalent kg dry matter (Singleton et al., 1999). 
 
5.1.3 Tannin content  
Qualitative analysis of tannin in EKWE and ECBE were performed 
using an HPLC equipped with VWD detector following the method of Tian et al. 
(2009) with slight modifications. The HPLC system consisted of an Agilent 1100 
series HPLC (Alginet, Wilmington, DE, USA), quaternary pump with seal wash 
option, degasser, solvent, cabinet and preparative autosampler with themostat 
equipped with a diode array detector. The separation was performed on a column 
(Hypersil ODS C18 4.0*250 mm, 5 μm, Cole-Parmer, Hanwell, London). HPLC 
conditions were as follows: mobile phase: 0.4% formic acid: acetonitrile (85:15), flow 
rate: 0.8 ml/min; temperature; 25°C. The detection was carried out at 280 mm. The 
concentration of extracts was 25 mg/ml and each injection volume was 20 μl. 
Standard tannin was used for peak identification. 
 
5.2 Preparation of oxidized phenolic compounds solution by alkaline 
conditions 
Four commercial phenolic compounds namely catechin, ferulic acid, 
tannic acid and gallic acid as well as EKWE and ECBE were used. The oxidation of 
phenolic compounds was carried out as per the method of Strauss and Gibson (2004) 
with a slight modification. All compounds and extracts (0.05 g) were dissolved in 5 
ml of ethanol and 90 ml of distilled water. The solutions were adjusted to pH 7, 8 and 
9 using 6 N NaOH or 6 N HCl. The prepared solutions were placed in a temperature-
controlled water bath (40°C) and subjected to oxygenation for 30 min by bubbling the 
solution with oxygen possessing the purity of 99.5–100% (TTS Gas Agency, Hat Yai, 
Songkhla, Thailand) to convert the phenolic compounds to quinone. After being 
oxygenated for 30 min, the solution was then neutralized by using 2 M HCl and the 
final solution was adjusted to 100 ml using the distilled water and was referred to as 
‘oxidized phenolic compound’.  
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5.3 Effect of oxidized phenolic compounds on the properties of gelatin gel 
 
5.3.1 Preparation of gelatin gel 
The stock solutions of oxidized phenolic compounds (catechin, ferulic 
acid, tannic acid, gallic acid, EKWE and ECBE) were added into gelatin solution 
(40°C) to obtain the final concentrations of 1, 2, 4, 6 and 8% (w/w) of gelatin. Gelatin 
was previously dissolved in water (60°C) for 30 min before being cooled down to 
40°C and added with stock solution. The mixture were stirred for 1 h at room 
temperature (25-27°C). The gelatin gels were prepared in the same manner as 
described in section 4.2.2. The properties of gelatin gels were determined as follows: 
 
5.3.2 Analyses  
 
5.3.2.1 Bloom strength  
The bloom strength was determined by the method of Fernabdez-Diaz 
and Gomez-Guillen (2001) as described in section 4.2.2.2 
 
5.3.2.2 Determination of color  
The color of gelatin gel was measured by colorimeter (ColorFlex, 
HunterLab Reston, VA). CIE L*, a* and b* values were determined. 
 
5.3.2.3 Determination of free amino group contents 
Free amino group content was determined according to the method of 
Benjakul and Morrissey (1997). Diluted samples (125 µ) were mixed thoroughly with 
2.0 ml of 0.2 M phosphate buffer, pH 8.2, followed by the addition of 1.0 ml of 0.01% 
TNBS solution. The mixture was then placed in a water bath at 50 °C for 30 min in 
dark. The reaction was terminated by adding 2.0 ml of 0.1 M sodium sulfite. The 
mixture was cooled to room temperature for 15 min. The absorbance was measured at 
420 nm and free amino group content were expressed in terms of L-leucine. 
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5.3.2.4 Determination of solubility  
Solubility of protein in gelatin gel was determined as described by 
Benjakul et al. (2001). Finely chopped gel sample (1 g) was solubilized with various 
solvents including 20 mM Tris–HCl, pH 8.0 containing 1% SDS (S1); 20 mM Tris–
HCl, pH 8.0 containing 1% SDS and 8 M urea (S2) and 20 mM Tris–HCl, pH 8.0 
containing 1% SDS, 2% β-mercaptoethanol and 8 M urea (S3). The mixture was 
homogenized for 1 min, boiled for 2 min and stirred for 4 h at room temperature using 
a magnetic stirrer (IKA-Werke, Staufen, Germany). The mixture was centrifuged at 
10,000×g for 30 min at 25°C using a centrifuge (Sorvall Model RCB plus, Newtown, 
CT, USA). Two ml of 50% (w/v) cold trichloroacetic acid (TCA) were added to 10 ml 
of supernatant. The mixture was kept at 4°C for 18 h prior to centrifugation at 
10,000×g for 20 min. The precipitate was washed with 10% (w/v) TCA, followed by 
solubilizing in 0.5 M NaOH. Protein concentration was determined by the Biuret 
method (Robinson and Hodgen, 1940). Solubility of gel samples was expressed as the 
percentage of total protein in gelatin. To completely solubilize the total proteins, gels 
were solubilized directly in 0.5 M NaOH. 
 
5.3.2.5 Analysis of protein patterns  
SDS-PAGE was performed according to the method of Laemmli 
(1970) as described in section 4.3.2 
 
5.3.2.6 Scanning electron microscopy (SEM) 
The microstructure of gelatin gels was observed using SEM. Gels 
containing oxidized phenolic compounds and the control gel (without oxidized 
phenolic compounds) with a thickness of 2–3 mm were fixed with 2.5% (v/v) 
glutaraldehyde in 0.2 M phosphate buffer (pH 7.2). The samples were then rinsed for 
1 h in distilled water before being dehydrated in ethanol with serial concentrations of 
50%, 70%, 80%, 90% and 100% (v/v). Dried samples were mounted on a bronze stub 
and sputter-coated with gold (Sputter coater SPI-Module, West Chester, PA, USA). 
The specimens were observed with a scanning electron microscope (JEOL JSM-5800 
LV, Tokyo, Japan) at an acceleration voltage of 10 kV. 
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5.4 Preparation of oxidized phenolic compounds by enzymatic process 
 
5.4.1 Determination of laccase activity  
The activity of laccase was determined spectrophotometrically by 
monitoring the absorbance increase from the oxidation of phenolic compounds at 458 
nm with a spectrophotometer (light path 1 cm) at room temperature. The assay 
mixture consisted of 2.20 ml of 0.1 M Britton buffer (0.1 M acetic acid, 0.1 M boric 
acid and 0.1 M phosphoric acid), and 0.5 ml of 1 mg/ml (∼20U/mg) laccase solution. 
Blank was prepared in the same manner, except deionized water was used instead of 
laccase. The reaction was started by the addition of 0.216 mM tannin acid in absolute 
ethanol (0.3 ml) (Xu, 1997). The absorbance of reaction mixture was directly 
proportional to activity. Extraction coefficient of 65 mM-1cm-1 was used for 
calculation.  
 
5.4.2 Effect of pH on laccase activity using EKWE and ECBE as 
substrates  
EKWE and ECBE (0.05 % (w/v) in ethanol 98%) were used as 
substrates Britton buffer (0.1 M) with pH of 3-8 was used for activity assay. The 
assay was conducted at room temperature (27-29°C) for up to 3 min. The increases in 
A458/per min (A458/min) indicated the oxidation of phenolic compounds in both 
extracts.  
 
5.4.3 Effect of oxidized phenolic compounds induced by laccase on the 
properties of gelatin gel 
Four commercial phenolic compounds (catechin, ferulic acid, tannic 
acid and gallic acid) and the extracts, EKWE and ECBE, were dissolved in the 
absolute ethanol to obtain the concentration of 98%. The gelatin solutions (6.67%) 
were adjusted to pH rendering the highest laccase activity (section 5.4.2) and laccase 
at 20 U/ml was added. The prepared solutions were placed in a temperature-controlled 
water bath (40°C) and subjected to oxygenation for 30 min by bubbling the solution 
with oxygen to convert the phenolic compounds to quinone. The mixtures were stirred 
for 1 h at room temperature (25-27°C). The solutions obtained were used for gel 
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preparation as mentioned in section 4.2.2. The resulting gels were subjected to 
analyses as mentioned in section 5.3.2. 
 
6. Statistical analysis 
Experiments were in triplicate. All data were subjected to analysis of 
variance and differences between means were evaluated by Duncan’s multiple range 
test (Steel and Torrie, 1980). The SPSS statistical program (Version 10.0) (SPSS Inc., 
Chicago, IL) was used for data analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 CHAPTER 3 
 
RESULTS AND DISCUSSION 
 
1. Chemical composition of cuttlefish skin used as the source of gelatin 
 
Proximate composition of cuttlefish skin is shown in Table 4. It 
contained a high content of moisture content (84.93%). The value was similar to that 
reported for the skin of brownbanded bamboo shark (Chiloscyllium punctatum) 
(Kittiphattanabawon et al., 2010) and Nile perch skin (Muyonga et al., 2004). Protein, 
fat and ash contents of cuttlefish skin were 12.07, 0.57 and 1.54%, respectively. Due 
to the low content of fat in the skin of cuttlefish, defatting process prior to gelatin 
extraction could be omitted. 
 
Table 4. Chemical composition of cuttlefish skin. 
Compositions† Content (%wet wt.)
Moisture 84.93±0.35
Protein (N×6.25) 12.07±0.10
Fat 0.57±0.09
Ash 1.54±0.00
†Mean±SD (n = 3) 
 
2. Extraction of gelatin from cuttlefish skin 
 
2. 1 Effect of pretreatments on the removal of non-collagenous proteins from 
cuttlefish skin 
 
 2.1.1 Hydroxyproline and protein contents 
Removal of non-collagenous proteins of cuttlefish skin was carried out 
using NaOH at various concentrations in the absence and presence of H2O2 at 
different levels for different repetitions. Accumulative hydroxyproline and protein 
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contents in the pretreating solutions varied with different pretreating conditions as 
shown in Figure 10. Hydroxyproline content in pretreating solution increased with 
increasing concentrations of NaOH and H2O2 (p<0.05). The increased repetition also 
resulted in the higher accumulative hydroxyproline content in pretreating solution.  
Protein content in pretreating solutions increased as the concentrations 
of NaOH and H2O2 as well as repetition increased (p<0.05). Cuttlefish skin pretreated 
with 0.6 N NaOH in the presence of 0.75% H2O2 with 4 repetitions had the highest 
loss in proteins (p<0.05). 
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Figure 10. Accumulative hydroxyproline (A) and protein (B) contents in pretreating  
                   solutions of cuttlefish skin with different NaOH and H2O2 concentrations  
                   for various repetitions. Bars represent the standard deviation (n=3).  
                   Different letters on the bars denote the significant difference (p<0.05). 
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The removal of non-collagenous proteins by strong alkaline condition 
could lead to the leaching of collagens from the skin as evidenced by the presence of 
hydroxyproline in the pretreating solution at the high level. With increasing alkaline 
concentrations, the loss of collagen was also obtained. At very high pH, protein and 
collagen became negatively charged (Vojdani, 1996). As a result, the repulsion 
between collagen molecules as well as other proteins took place, leading to the 
increased solubilization. 
When H2O2 concentration used increased, proteins and collagen were 
also leached out into the pretreating solution to a higher extent. H2O2, which is the 
oxidizing agent, might cause the fragmentation of proteins as well as collagen 
(Courts, 1961). This resulted in the increasing solubilization of collagen and other 
proteins into the solutions. As a consequence, the lower yields of gelatin were 
expected. However, the skin treated with 0.4 N NaOH in combination with 0.75% 
H2O2 for 4 repetitions had the decreased protein content with the compromising loss 
in hydroxyproline. Therefore, this condition was chosen for further study. 
 
2.1.2 Color of cuttlefish skin 
The color of cuttlefish skin pretreated with NaOH and H2O2 at 
different concentrations is shown in Table 5. L* and b*-value increased with 
increasing concentrations of NaOH and H2O2 (p<0.05). Conversely, a*-value 
decreased as the concentrations of both chemicals increased (p<0.05). Cuttlefish skin 
pretreated with 0.6 N NaOH in combination with 0.75% H2O2 showed the higher 
whiteness (L*-value) than those pretreated with other conditions (p<0.05) (Appendix 
8). In general, the dorsal skin of cuttlefish had a dark purple in color, most likely due 
to the chromatophores, localized in the skin. The higher concentration of NaOH in 
combination with H2O2 was necessary for removal of those chromatophores or 
bleaching pigments in dorsal skin prior to gelatin extraction. H2O2 is widely used in 
the cephalopod industry as the bleaching agent. The cephalopod needs to be bleached 
because the flesh could be stained by ink, viscera and color pigments during handling 
and processing (Thanonkaew et al., 2008). Oxidizing agents, derived from the 
decomposition of hydrogen peroxide, were able to destroy the chromophores. 
Hydroperoxyl anion is a strong nucleophile, which is able to break the chemical bonds 
 
 50
 
 
   
that make up the chromophore. This changes the molecule into the different substance 
that either does not contain a chromophore, or contains a chromophore that does not 
absorb visible light (Perkins, 1996). On the other hand, hydroperoxyl and hydroxyl 
radical (OH•) generated by the decomposition of hydrogen peroxide may induce free 
radicals, causing the oxidation of protein, changes in protein structure and functional 
properties of gelatin. As a result, bleached skin contained a low content of 
chromophore, or still had the chromophore, which was colorless. 
 
Table 5. Color of cuttlefish skin pretreated with NaOH and H2O2 at different   
               concentrations. 
Color  NaOH (N)/ 
H2O2 (%) L* a* b* 
No pretreatment 34.35±1.61†f†† 12.57±1.33a -2.51±1.16e
0.2/0 34.95±2.62f 12.50±0.71a -2.49±0.08e
0.2/0.5 61.32±3.26d 6.06±1.64c 0.59±0.54c
0.2/0.75 64.06±0.71d 4.54±0.36d 0.69±0.81c
0.4/0 40.72±1.75e 12.11±1.00ab -0.77±0.67d
0.4/0.5 66.52±0.62b 3.07±0.47e 6.59±1.19b
0.4/0.75 68.18±1.53ab 2.57±0.81f 8.16±0.67a
0.6/0 42.24±1.52e 11.00±0.68b 0.18±1.06cd
0.6/0.5 67.74±1.76ab 0.55±0.56g 7.76±108ab
0.6/0.75 70.49±1.19a -0.06±0.06f 8.45±1.08a
†Mean±SD (n=3). 
††Different superscripts in the same column indicate the significant difference  
   (p<0.05). 
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2.2 Effect of hydrogen peroxide treatment of pretreated skin on gelatin 
extraction   
  
2.2.1 Yield 
Yield of gelatin extracted from skin treated with H2O2 at different 
concentrations is shown in Tables 6. Yield of gelatin extracted from cuttlefish skin 
increased with increasing concentrations of H2O2 (p<0.05). The highest yield was 
obtained in skin treated using 10% H2O2 (p<0.05). Donnelly and McGinnis (1977) 
reported that tissue containing collagen was liquefied through agitation with H2O2. 
H2O2 was found to break the hydrogen bond of collagen, thereby increasing the 
efficiency in gelatin extraction (Aewsiri et al., 2009).  
 
Table 6. Effect of treatment using H2O2 at various concentrations on yield of gelatin  
               extracted from pretreated cuttlefish skin. 
Treatments Yield (% dry wt.)
0 % H2O2 19.44±0.09†c††
5% H2O2 61.56±0.80b
7.5% H2O2 62.77±0.56b
10% H2O2 66.20±0.11a
†Mean±SD (n=3).  
††Different superscripts indicate the significant differences (p<0.05). 
 
2.2.2 Protein patterns of gelatin  
Protein patterns of gelatins extracted from cuttlefish skin treated with 
and without H2O2 at various concentrations (0, 5, 7.5 and 10% H2O2) for 48 h are 
shown in Figures 11. Gelatins extracted from skin without H2O2 treatment had the 
lowest smear protein bands, suggesting the maintenance of major components of 
mother collagens.  Proteins with smear bands were generated during extraction, 
especially when skin was treated with the higher concentration of H2O2. Muyonga et 
al. (2004) reported that during conversion of collagen to gelatin, the inter- and intra-
molecular bonds linking collagen chains as well as some peptide bonds are broken. 
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The more severe the extraction process, the greater the extent of hydrolysis of peptide 
bonds was obtained. Without H2O2 treatment, skin matrix was denser and the 
conversion of collagen to gelatin was less effective. When H2O2 was used for 
treatment of skin, the fragmentation of α-chain and other components such as β- or γ- 
chain might take place. This was evidenced by the disappearance of α-chains in 
gelatin from skin treated with H2O2. When H2O2 concentration increased, the 
degradation tended to be more pronounced. Aewsiri et al. (2008) also reported the 
smear band of gelatin extracted from precooked tuna fin. 
Gelatin extracted from dorsal cuttlefish skin with and without H2O2 
treatment had very low amount of high molecular weight components. Since gelatin 
extracted from the skin treated using 10% H2O2 had the highest yield (66.20%) with 
high bloom strength (102.87g), the treatment condition was adopted for further study. 
 
 
 
        C        0%     5%    7.5% 10% 
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β 
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Figure 11. SDS-PAGE pattern of gelatin from cuttlefish skin without and with  
                   treatment using H2O2 at various concentrations. C denote type I collagen  
                   from calf skin. Numbers denote H2O2 concentrations used for treatment of  
                   skin. 
 
2.2.3 Bloom strength and color of gelatin gel 
Bloom strength of gel of gelatin prepared from the skin treated with 
7.5 or 10% H2O2 had the highest bloom strength, when compared with those treated 
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with H2O2 at the lower concentrations (p<0.05) (Table 7). The gelling properties of 
gelatin were influenced by the source of raw materials, which vary in proline and 
hydroxyproline contents (Jongjaronrak et al., 2006). Furthermore, H2O2 at high 
concentration might induce the oxidation of protein with the concomitant formation of 
carbonyl groups. Those carbonyl groups might undergo Schiff base formation with 
the amino groups in which the protein cross-links could be formed (Aewsiri et al., 
2009). The larger proteins were mostly associated with the improved bloom strength. 
On the other hand, H2O2 at lower concentration in combination with NaOH used in 
the pretreatment process more likely contributed to partial hydrolysis (Figure 10), in 
which H2O2 could penetrate and bleach the chromatophore effectively. However, the 
bloom strength of cuttlefish skin gelatin gel from all treatments was lower than that of 
bovine bone gelatin gel (p<0.05). Due to the increased yield of gelatin extracted from 
skin after treatment with H2O2 at higher concentrations, H2O2 might cause both 
fragmentation and polymerization. L*-value of gelatin gel increased but a* and b*-
values decreased with increasing H2O2 used for treatment of skin (Table 7).  
 
Table 7. Effect of treatment using H2O2 at various concentrations on bloom strength  
               and color of gel of gelatin extracted from pretreated cuttlefish skin. 
Color 
Gelatin samples 
Bloom strength 
(g) L* a* b* 
0 % H2O2 77.97±1.64†cD†† 58.22±0.29aB 1.06±0.04aA 27.14±0.21aA
5% H2O2 98.17±3.06bC 49.17±0.80cD -0.75±0.03cC 7.57±0.61cC
7.5% H2O2 101.20±1.49abBC 50.07±0.22cD -0.48±0.12bB 8.35±0.21cC
10% H2O2 102.87±0.21aB 55.01±0.42bC -0.47±0.09bB 11.87±0.91bB
bovine bone gelatin 185.27±1.63A 69.63±0.88A -1.48±0.09D 5.47±0.51A
†Mean ± SD (n=3). 
††Different superscripts in the same column excluding bovine bone gelatin indicate  
   the significant differences (p<0.05). Different capital superscripts in the same    
   column indicate the significant differences (p<0.05). 
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In general, the control gel from dorsal cuttlefish skins had a higher 
color intensity than the gel from ventral skins, most likely due to the higher content of 
chromatophore in the former (Aewsiri et al., 2009). Apart from increasing the yield, 
higher H2O2 concentration was necessary for improvement of color of gelatin from 
cuttlefish skin. The skin of cuttlefish contained the numbers of chromatophores 
including the pigments. H2O2, an oxidizing agent, could oxidize the pigments, leading 
to the fade color.  Additionally, in the presence of metal ion, especially Fe2+, the 
radicals, particularly OH- could be formed via Fenton reaction.  Those radicals might 
attack the pigments, resulting in the loss in color. 
 
2.3 Effect of time and temperature on gelatin extraction  
2.3.1 Yield  
The yield of gelatin increased as the temperature and time increased 
(p<0.05) (Figure 12). With the same extraction time, the higher temperatures rendered 
the higher yield (p<0.05). At the same extraction temperature, the higher yield was 
obtained with increasing time from 6 to 18 h (p<0.05).  
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Figure 12. Yield of gelatin from cuttlefish skin extracted at different temperatures for  
                   various times. Skin pretreated with 0.4 NaOH and 0.75% H2O2 for 12 h,  
                   followed by treatment using 10% H2O2 for 48 h was used for gelatin  
                   extraction. Bars represent the standard deviation (n=3). Different letters  
                   on the bars denote the significant differences (p<0.05). 
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This result was in accordance with those of Arnesen and Gildberg, 
(2007) and Muyonga et al. (2004) who reported that the increasing extraction 
temperatures and times resulted in the increased yield of gelatin from Atlantic salmon 
skin as well as Nile perch skin and bone. The conversion of collagen into gelatin 
involves the breakage of hydrogen bonds by heating. With the higher temperature and 
longer time for extraction, the higher energy was provided sufficiently to disrupt the 
H-bond stabilizing the triple helix of collagen. The highest yield of extraction was 
achieved when the extraction was conducted at 60 °C for 18 h. the yield of gelatin 
was 69.47% (dry wt. basis).  
 
2.3.2 Protein patterns of gelatin  
Effect of extraction time and temperature on protein patterns of 
gelatins from cuttlefish skin is shown in Figure 13. Smear bands were observed for all 
gelatins, regardless of extraction condition. However, the milder the condition, the 
higher band intensity tended to be obtained. During extraction, β-, γ-, and α-chains 
were more hydrolyzed with increasing extraction temperature and time. Muyonga et 
al. (2004) reported that gelatin from Nile perch skin and bone with higher extraction 
temperature contained more peptides with the molecular weight less than α-chain.  
 
 
 
 
 
 
 
 
 
 
 
α-chain 
 C   50/6  50/12 50/18 60/6   60/12  60/18  70/6  70/12 70/18             
                           temperature ( °C)/time (h) 
Figure 13. SDS-PAGE patterns of gelatin from the skin of cuttlefish extracted at  
                  different temperatures for various  times. C denote type I collagen from  
                  calf skin. 
 
 56
 
 
   
The lower proportion of high molecular weight (greater than β-chain) 
fractions was found, compared with those obtained from lower temperature 
extraction. Proteins with the molecular weight greater than β-chain had a high 
positive correlation with bloom strength (Muyonga et al., 2004).   
 
2.3.3 Bloom strength and color of gelatin gel 
Figure 14 shows the bloom strength of gelatin from cuttlefish skin 
extracted at different extraction temperatures and times. When the extraction 
temperature of 50°C was used, the resulting gelatin had the increase in bloom strength 
as the time increased from 6 to 18 h (p<0.05). The highest bloom strength (105.46g) 
was found in gelatin extracted at 50°C for 18 h (p<0.05). As the extraction time at 
50°C increased, the higher energy was supplied, in which higher extents of H-bonds 
or hydrophobic interactions were destroyed. As a result, the gelatin molecules could 
be more extracted into the water used as the extracting medium. Those molecules 
extracted at longer times might be more linear, due to the sufficient energy provided 
for destroying H-bond. As a consequence, the ordered network could be formed. 
When gelatin was extracted at 60°C, the bloom strength of resulting gelatin decreased 
continuously with increasing extraction times (p<0.05). The similar bloom strength of 
gelatin extracted at 60°C for 6 or 12 h was obtained, as compared to gelatin extracted 
at 50°C for 6 or 12 h (p<0.05). The results were in agreement with Cho et al. (2006) 
who reported that at temperatures higher than 60°C, gel strength of gelatin from skate 
skin decreased and exhibited lower gel strength, due to breakage of hydrogen bonds 
and free amino acid hydroxyl groups. With the longer extraction time and higher 
temperature, the bloom strength of gelatin from skate decreased, due to hydrolysis of 
cross-linkages in collagen and other proteins. A weak gelatin gel was associated with 
the formation of small fragments (Gomez-Guillen et al., 2002).  
Nevertheless, gelatins extracted at 70°C had extremely low bloom 
strength. Gelatin extracted at 70°C for different times showed the similar bloom 
strength (p<0.05). High temperatures (70°C) most likely caused hydrolysis of the 
gelatin molecules. Industrially, the high quality mammalian gelatins with good gel 
forming properties are known to be produced during the initial extractions made at 
45–60°C (Liu et al. 2008). It was noted that decreasing molecular weights upon 
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increasing the severity of the extraction conditions determined the functional 
properties of gelatin. The difference in bloom strength among species was possibly 
due to the different composition, particularly in terms of amino acid composition and 
size of protein chains (Muyonga et al., 2004) as well as their living habitat (Norland, 
1990). Protein degradation during gelatin extraction was reported in bigeye snapper 
skin (Jongjareonrak, et al. 2006). Protein degradation fragments, if present, may 
reduce the ability of α-chains to anneal correctly by hindering the growth of the 
existing nucleation sites (Ledward, 1986). Therefore, the extraction condition directly 
affected the properties of resulting gelatin. 
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Figure 14. Bloom strength of gelatin from cuttlefish skin extracted at different  
                  temperatures for various times. Bars represent the standard deviation  
                  (n=3). Different letters on the bars denote the significant differences  
                  (p<0.05). 
 
Colors of gel of gelatins extracted at different temperatures for various 
times are shown in Table 8. Lightness (L*-values) of gelatin gel increased with 
increasing temperature and time (p<0.05). The L*-values of gelatin extracted at 60°C 
for 18 h (63.65) were higher than those of gelatin extracted with other conditions 
(p<0.05). The redness (a*-values) and yellowness (b*-values) decreased with 
increasing temperatures and times (p<0.05). The lowest b*-values of gelatin was 
obtained when gelatin was extracted at 70°C for either 12 or 18 h (p<0.05). However, 
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the lowest a*-value was found when the extraction was performed at 60°C for 6 h 
(p<0.05). These results suggested that gelatin gels from cuttlefish skin extracted under 
harsh condition were lighter with lower yellowness. The higher temperature used for 
gelatin extraction might induce the decomposition or oxidation of pigment 
contaminated in gelatin during extraction process. With higher energy obtained when 
the longer time was used, the pigments possibly underwent the alteration, in the way 
which lost their color. The color of gelatin is generally dependant on the raw materials 
extracted and whether it is the first, second or later extraction (Ockerman and Hansen, 
1988). 
 
Table 8. Color of gel of gelatin from cuttlefish skin extracted at different  
                temperatures for various times. 
Color Temperature/ 
Time (°C/h) 
L* a* b* 
50/6 62.74±0.21† h †† -2.78±0.16de  28.76±0.28a
50/12 64.58±0.23e -2.22±0.16b 21.11±0.13c  
50/18 65.14±0.23d -1.79±0.13a 19.94±0.21d
60/6 64.14±0.14 f -4.10±0.42g  23.49±0.08b
60/12 64.18±0.09f -3.40±0.07f 21.50±1.06c
60/18 63.65±0.13g -2.92±0.13e 17.82±0.06e
70/6 67.83±0.25c -2.54±0.14cd 15.11±0.23f  
70/12 68.35±0.19b -2.49±0.16bc 13.23±0.17g
70/18 68.85±0.36a -2.39±0.24bc 12.74±0.12g
  †Mean±SD (n=3) 
††Different superscripts in the same column indicate the significant differences   
   (p<0.05). 
 
2.3.4 Turbidity of gelatin solution 
Turbidity of gelatin solution (1%) from cuttlefish skin extracted at 
different temperatures and times is shown in Figure 15. When the temperatures of 50 
 
 59
 
 
   
and 60°C were used, the turbidity of gelatin solution increased when extraction times 
increased (p<0.05). Turbidity more likely indicated the formation of aggregates 
during extraction. The higher turbidity in gelatin reflected its inferior quality to the 
commercial gelatins. Nevertheless, the gradual increase in turbidity of gelatin 
extracted at 50°C was coincidental with the increased bloom strength (Figure 14) It 
was noted that the turbidity of gelatin solution measured at room temperature was 
similar to those found at 60°C, which was  the temperature used for dissolving the 
gelatin powder. Thus the turbidity obtained more likely represented the aggregates 
formed during extraction. 
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Figure 15. Turbidity of 1% gelatin solution from cuttlefish skin extracted at different  
       temperatures for various times. Bars represent the standard deviation  
       (n=3). Different letters on the bars denote the significant differences  
       (p<0.05). 
 
The marked increase in turbidity was noticed when the extraction was 
conducted at 60°C for 18 h (p<0.05). The increase in turbidity of gelatin solution from 
cuttlefish skin extracted at 60°C was not related with bloom strength (Figure 14). 
Random aggregation of gelatin molecules from cuttlefish skin might occur to a high 
extent when the high temperatures were used. When protein is treated for a long time 
at high temperature, aggregation is generally induced, resulting in increased turbidity 
(Johnson & Zabik, 1981). From the result, partial aggregation to obtain the large 
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strand would favor the formation of strong gel network. The excessive aggregation, in 
which the large bundles were formed, could lower the ability of gelatin to form the 
fine network. Gelatin from cuttlefish skin was slightly turbid. The higher turbidity in 
skate gelatin reflects its poorer quality (Montero et al., 2000). Turbidity values are 
largely dependent on the efficiency of clarification process (Muyonga et al., 2004).  
For gelatin extracted of 70°C, the slight increase in turbidity was 
observed as the extraction time increased from 6 to 12 h (p<0.05). The decrease in 
turbidity of gelatin extracted at 70°C for 18 h were caused by the large aggregation of 
protein formed, which could be settled. This led to the decreased turbidity in this 
sample. 
 
2.3.5 Emulsifying properties of gelatin 
In general, gelatin is a weaker emulsifier than other surface-active 
substances such as globular proteins and gum Arabic (Weinbreck et al. 2003). 
Emulsion activity index (EAI) and emulsion stability index (ESI) of gelatin from 
cuttlefish skin extracted at different extraction temperatures and times are presented in 
Table 9. EAI of gelatin increased with increasing extraction temperatures and times 
(p<0.05). Among all gelatin samples, that extracted at 50°C for 18 h exhibited the 
highest EAI (p<0.05), compared with other samples. The extraction for a longer time 
provided gelatin samples with increasing EAI. The increase in EAI was most likely 
associated with the increased hydrolysis. Decreasing molecular weights upon 
increasing severity of the extraction condition were postulated. During emulsification, 
the protein with lower molecular weight diffused or migrated to the interface. The 
small size proteins had high speed of diffusion to the interface, unfolded and adsorbed 
at the interface and formed a film around an oil droplet effectively. Nevertheless, 
gelatins with the marked degradation, which were more polar in nature, were 
localized mainly in aqueous phase. As a consequence, a lower amount of gelatin 
could migrate preferably to the interface. On the other hand, ESI of all gelatin samples 
decreased with increasing extraction temperatures and times (p<0.05). The extraction 
for a shorter time at lower temperature could maintain the components with high 
molecular weight. Such et al. (2006) found that the oil-in-water emulsion prepared 
with high molecular weight fish gelatin (120 kDa) was more stable than that prepared 
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with low molecular weight fish gelatin (∼50 kDa). Thickness of an adsorbed gelatin 
membrane increased with increasing molecular weight. This was associated with the 
increased stability of emulsions to coalescence during homogenization (Lobo and 
Svereika, 2003). When comparing the emulsifying properties between cuttlefish skin 
gelatins and bovine bone gelatin, EAI of bovine bone gelatin was higher than that of 
all cuttlefish skin gelatins tested. ESI of bovine bone gelatin was higher than that of 
all cuttlefish skin gelatins, except gelatin extracted at 50°C for 6 h, which exhibited 
the higher ESI. Emulsifying properties of gelatin were governed by molecular 
properties, particularly the size of peptides and different sources (Aewsiri et al. 2009). 
When comparing ESI between gelatin extracted at 60 and 70°C for 18 h, it was found 
that the former had the lower ESI than the latter. This was coincidental with the larger 
aggregate formed in the latter. 
 
2.3.6 Foaming properties of gelatin  
Foam expansion (FE) and foam stability (FS) of gelatin extracted from 
cuttlefish skin at different extraction temperatures for various times are shown in 
Table 9. FE and FS of gelatin decreased with increasing extraction temperatures and 
times (p<0.05). FE of gelatin from cuttlefish skin extracted at 50°C for 6 h (227.78%) 
was higher than that obtained from other conditions (p<0.05). Gelatin extracted from 
cuttlefish skin showed the higher foam expansion and stability, compared with gelatin 
from ventral cuttlefish skin (Aewsiri et al., 2009). FE and FS of bovine bone gelatin 
were higher than those of all cuttlefish skin gelatin samples. This possibly resulted 
from the differences in the intrinsic properties of proteins, composition and 
conformation of protein between gelatins from both sources (Damodaran, 1997). 
Foaming properties of protein might be influenced by the source of protein, intrinsic 
properties of protein: the compositions and conformations of protein in solution and at 
the air/water interface (Zayas, 1997). Foam formation is generally controlled by 
transportation, penetration and reorganization of protein molecules at the air–water 
interface (Damodaran, 1997). A protein must be capable of migrating rapidly to the 
air–water interface, unfolding and rearranging at the interface to express good 
foaming ability (Halling, 1981). The positive correlation between hydrophobicity of 
 
 62
 
 
   
unfolded proteins and foaming characteristics was reported (Townsend and Nakai, 
1983).  
 
Table 9. Emulsifying and foaming properties of gelatin from cuttlefish skin extracted  
               at different temperatures for various times.  
†Mean±SD (n=3) 
††Different superscripts in the same column indicate the significant differences   
   (p<0.05). Different capital superscripts in the same column excluding bovine  
   bone gelatin indicate the significant differences (p<0.05). 
 
The foaming capacity of protein was improved by making it more 
flexible, by exposing more hydrophobic residues and by increasing its capacity to 
decrease surface tension. For the adsorption at the air–water interface, molecules 
should contain hydrophobic regions (Mutilangi et al., 1996). The additional 
hydrophobic residues could form a large hydrophobic sphere on the surface of the 
polypeptide. Therefore, the foaming capacity could be improved. From the results, the 
differences in foam expansion of gelatin from cuttlefish skin were governed by the 
extraction conditions. With increasing extraction time, the smaller molecular would 
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be more generated and became more hydrophilic. Those fragments were preferably 
located in the aqueous phase and could not form foam effectively. The higher foam 
stability was observed for gelatin extracted at lower temperatures. The shorter chain 
of gelatin more likely resulted in the lowered stability of foam formed. Foam stability 
of protein solutions is generally positively correlated with molecular weight of 
peptides (van der Ven, Gruppen, de Bont, and Voragen, 2002). In addition, foam 
stability depends on the nature of the film and indicates the extent of protein–protein 
interaction within the matrix (Mutilangi et al., 1996). Thus, the extraction condition 
played a role in the interfacial properties of gelatin from squid skin. 
 
2.3.7 Solubility of gelatin  
The effect of extraction time and temperature on solubility of gelatin 
from cuttlefish skin is depicted in Figure 16. High solubility was observed in all 
gelatins extracted from cuttlefish skin at different temperatures for different times in 
the wide pH range (1-10). Gelatin obtained had the lowest solubility at pH 4. 
Normally, type B or alkaline process gelatin has isoelectric points varying from 4 to 5.  
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Figure 16. Protein solubility of gelatin from cuttlefish skin extracted at different  
      temperatures for various times determined at different pHs. Bars represent  
      the standard deviation (n=3). 
 
For cuttlefish gelatins, it might contain a high amount of acidic amino 
acids such as glutamic acid and aspartic acid (Aewsiri et al., 2008). At pI, net charge 
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of zero was obtained, leading to the least repulsion or the highest precipitation 
(Milewski, 2001). Hydrolysis of amide groups of collagen yields gelatin with a high 
density of carboxyl groups, which makes the gelatin negatively charged. From the 
result, the extraction condition had no marked effect on solubility. It was suggested 
that the hydrophilic nature with the short chain of gelatin would enhance its solubility. 
 
2.3.8 Proximate composition of cuttlefish gelatin 
The proximate composition of gelatin from the skin of cuttlefish 
extracted at 50°C for 18 h is shown in Table 10. Generally, gelatin contained high 
protein content but low moisture and fat contents, suggesting the efficient removal of 
water and fat from skin. From the results, gelatin contained 88.94% protein with the 
low moisture (9.66%), fat (0.73%) and ash (0.59%). Hoque et al. (2010) reported that 
ventral skin of cuttlefish contained 88.21% protein, 10.07%moisture, 1.06% fat and 
0.61% ash. High hydroxyproline content (72.47 mg/ g sample) was observed in the 
extracted gelatins.  
 
Table 10. Proximate composition of cuttlefish gelatin. 
Compositions†  Content (% wet wt.)
Moisture 9.66±0.47
Protein 88.94±0.75
Fat 0.73±0.07
Ash 0.59±0.11
Hydroxyproline (mg/g sample) 72.47±1.61
†Mean±SD (n=3) 
 
2.3.9 Fourier transform infrared (FTIR) spectrum of selected gelatin 
FTIR spectrum of gelatins from the skin of cuttlefish extracted at 50°C 
for 18 h in comparison with that of bovine bone gelatin is shown in Figure 17. 
Spectrum of cuttlefish gelatin exhibited major bands in amide band region. The major 
bands were found at 1644–1653 cm−1 (amide I), 1541–1548 cm−1 (amide II), 1237–
1239 cm−1 (amide III), 3304–3315 cm−1 (amide A) and 2922–2940 cm−1 (amide B) 
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(Aewsiri et al., 2009). In this study, the major bands of cuttlefish skin gelatin were 
situated at 1644 cm−1 (amide I, representative of CO stretching/hydrogen bonding 
coupled with COO−), 1542 cm−1 (amide II, representative of NH bending, coupled 
with CN stretching), 1234 cm−1 (amide III, representative of NH bending), 3294 cm−1 
(amide A, representative of NH-stretching, coupled with hydrogen bonding) and 2919 
cm−1 (amide B). The spectrum of bovine bone gelatin were situated at 1645 cm−1 
(amide I), 1543 cm−1 (amide II), 1240 cm−1 (amide III), 3430 cm−1 (amide A) and 
2934 cm−1 (amide B). It was noted that the spectra between cuttlefish skin gelatin and 
bovine bone gelatin were different, especially for the wavenumber of Amide A and B 
regions. Additionally, the amplitudes of all peaks were different. It was suggested that 
the process for pretreatment prior to extraction and extraction condition might be 
different, leading to the differences in degradation, deamination, etc. between both 
gelatins.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Figure 17.  FTIR spectrum of gelatin from bovine bone (A) and skin of cuttlefish (B)  
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                    extracted at 60°C for 18 h. 
 
Generally, gelatins extracted at the higher temperature contained a 
higher amount of low molecular weight components, in which the reactive group 
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(CO) could be more exposed and became more reactive between α-chains. Payne and 
Veis (1988) reported that amide I band was associated with CO stretching vibration. 
During freeze-drying of the extracted gelatin, the low molecular weight gelatin 
fractions might undergo the aggregation gradually, forming protein–protein linkages 
(Muyonga et al., 2004).   
 
3. Study on gelatin cross-linking activity of wood/bark extracts and commercial 
phenolic compounds oxidized by oxygenation and their effect on properties of 
gelatin gel 
 
3.1 Composition of kiam wood and cashew bark extracts  
Total phenolic contents of EKWE and ECBE are shown in Table 11. 
Total phenolic contents of EKWE and ECBE, expressed as tannic acid equivalent, 
were 438.76 and 253.57 g/kg, respectively. EKWE had the higher total phenolic 
content than did ECBE by 2-fold. The differences might be attributed to the variation 
in environmental conditions, tree species, position, plant nutrition and stage of plant 
growth (Tian et al., 2009). Both extracts were dark in color. EKWE was slightly 
darker than ECDE.  
 
Table 11. Total phenolic content of kiam wood and cashew bark extracts. 
Source Total phenolic content 
(g tannic acid/ kg dry matter) 
Kiam wood 438.76±0.41 
Cashew bark 253.57±0.53 
 
As analyzed by HPLC-DAD, tannin was found as the major 
component in both EKWE and ECBE (Figure 18). Wood of different trees mainly 
contains tannins (Fradinho et al., 2002). EKWE contained higher tannin content 
(193.7 mg tannin/g of dry wood extract) than did ECBE (74.6 mg tannin/g of dry 
wood extract). This result was in accordance with that of total phenolic content (Table 
11). Apart from tannin, other components such as resin, lignan or lignin are also 
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found in wood or bark of tree (Chanthachum and Beuchat, 1997; Balange and 
Benjakul, 2009; Akinpelu, 2000). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A 
B 
Figure 18. HPLC-DAD chromatograms of EKWE (A) and ECBE (B). 
 
3.2 Effect of EKWE and ECBE oxygenated at different pH on the gel 
properties of cuttlefish skin gelatin 
 
3.2.1 Bloom strength  
Bloom strength of cuttlefish skin gelatin gel incorporated with 1% 
EKWE or 1% ECBE oxygenated at different pH is shown in Figure 19. For the same 
extract, the bloom strength of gelatin gel increased as the pH for oxygenation of 
extract increased (p<0.05). At the same pH used, EKWE showed the higher gel 
strengthening effect than ECBE (p<0.05). Gelatin gels incorporated with EKWE or 
ECBE oxygenated at pH 7 had the increases in bloom strength by 12.10% and 7.05%, 
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respectively, compared with that of the control (without extracts). At pH 8, the 
increases in bloom strength by 17.45% and 17.74%, respectively, were obtained 
(p<0.05). The highest bloom strength was observed in the gelatin gel incorporated 
with 1% EKWE or 1% ECBE oxygenated at pH 9, in which the increases by 44.20% 
and 30.60% were found, respectively. The results revealed that pH for oxidation of 
phenolic compounds had the pronounced effect on gel properties of cuttlefish skin 
gelatin. Bloom strength of gelatin gel increased when both extracts oxygenated at 
very alkaline pHs, were incorporated (p<0.05). At the alkaline pH, phenolic 
compounds can be converted to the quinone. Quinone can from dimer with amino or 
sulfhydryl side chains of polypeptides. Covalent C-N or C-S bonds with the phenolic 
ring were also found (Strass and Gibson, 2004). As a result, quinone could act as the 
cross-linker for gelatin and the stronger gel network could be formed.  
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Figure 19.  Bloom strength of gelatin gel from cuttlefish skin incorporated with 1%  
                   EKWE or 1% ECBE oxygenated at different pHs. Bars represent the  
                   standard deviation (n=3). Different letters on the bars denote the  
                   significant differences (p<0.05). 
 
 
 
 69
 
 
   
3.2.2 Color  
Colors of gelatin gel incorporated with 1% EKWE and 1% ECBE 
oxygenated at different pH are shown in Table 12. Color of gel was measured and 
expressed as lightness (L*), redness (a*) and yellowness (b*). The decreases in L*-
value, while increases in a* and b*-values were noticeable with the addition of both 
extracts oxygenated at increasing pHs (p<0.05). Darker color was obvious in gels 
added with extracted oxygenated at pH 9 (p<0.05). The higher redness (a*-value) and 
yellowness (b*-value) were also found in gel incorporated with extracts oxygenated at 
higher pH. The result was in agreement with Cao et al. (2007) who reported that 
gelatin incorporated with phenolic compounds (tannic acid and ferulic acid), at 
alkaline pH had the changes in color.  
 
Table 12. Color and free amino group content of cuttlefish skin gelatin gel  
                  incorporated with 1% EKWE and 1% ECBE oxygenated at different pHs. 
Color 
Extracts pH 
L* a* b* 
Free amino 
group content 
(mmole/g 
sample) 
Control 
(without 
extract) 
 
54.12±0.06†a†† -0.62±0.02e 11.10±0.04f 3.06±0.63a
7 47.21±0.54b -0.63±0.09e 13.64±0.29e  2.33±0.29b
8 45.00±0.02c 3.25±0.03d 19.29±0.15d 2.09±0.31cEKWE 
9 37.35±0.56f 8.90±0.01c 24.85±0.31c 1.78±0.35e
7 45.29±0.03c 3.19±0.11d 19.16±0.13d  2.38±0.50b
8 43.83±0.58d 10.42±0.06b 26.66±0.13b 2.13±0.60cECBE 
9 42.36±0.52e 11.43±0.04a 27.93±0.06a 1.86±0.31d
 †Mean±SD (n=3) 
 ††Different superscripts in the same column indicate significant differences (p<0.05). 
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The result indicated that the addition of the extracts prepared at 
alkaline pH resulted in the increase in redness and yellowness of gel. This directly 
affected the color and appearance of resulting gel. The polymerization of tannin under 
alkaline condition might cause the development of dark compounds (Balange and 
Benjakul, 2009). 
 
3.2.3 Free amino group contents  
The free amino group contents of cuttlefish skin gelatin gel 
incorporated with 1% EKWE or 1% ECBE oxygenated at various pHs are shown in 
Table 12. Gelatin gel incorporated with oxygenated extracts had the lower free amino 
group content than the control gelatin (without extract) (p<0.05). The higher decrease 
in free amino group content of gelatin gel was observed when both extracts 
oxygenated at higher pH were incorporated (p<0.05). 
From the result, cuttlefish skin gelatin gel incorporated with EKWE or 
ECBE oxygenated at pH 9 contained the lowest free amino group, suggesting the 
highest cross-liking of gelatin via amino groups. Phenolic compounds at higher pH 
could be oxidized to quinone and then the quinone further reacts with amines on 
proteins (Cao et al., 2007). It indicated that nucleophilic amino groups might interact 
with electrophilic quinone, an oxidized form of phenolic compounds. A reaction of 
protein with oxidized phenolic compounds led to a decrease in free amino group 
content (Rawel et al. 2001). Under the alkaline conditions, the hydroxyl groups are 
readily oxidized to hydroxyl radical (Huang and Chu, 2005). Those radicals would 
react with the neutral molecules and the benzene ring, causing the oxidation with 
subsequent polymerization. Increasing pH induces the deprotonation of the phenolic 
hydroxyl group, eventually leading to the formation of quinones (Prigent, 2005). The 
decrease in free amino group content of gelatin gel was concomitant with the increase 
in bloom strength, revealing the formation of non-disulfide covalent bond induced by 
oxidized phenolic compound, especially tannin in the extracts. 
 
3.2.4 Solubility  
 Protein solubility of gelatin gel incorporated with 1% EKWE or 1% 
ECBE oxygenated at different pHs in various solvents is shown in Table 13. Protein 
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solubility of gelatin gel incorporated with EKWE or ECBE in all solutions decreased 
as the pH for oxygenation increased (p<0.05). When the gels were solubilized in 20 
mM Tris, pH 8.0 containing 1% (w/v) SDS (S1), the higher decrease in solubility was 
noticeable in gel added with the extracts oxygenated at higher pH (p<0.05). SDS is 
capable of destroying hydrogen and some hydrophobic interactions (Prodpran et al., 
2007). Further increases in solubility were observed in S2 (20 mM Tris, pH 8.0 
containing 1% (w/v) SDS and 8 M urea), containing urea and SDS. The result 
indicated the presence of hydrophobic and hydrogen bond in gelatin gels matrix. SDS 
and urea have been known to destroy hydrogen bond and hydrophobic interaction 
(Prodpran et al., 2007).  
 
Table 13. Protein solubility (%) of cuttlefish skin gelatin gel incorporated with 1%  
                 EKWE or 1% ECBE oxygenated at different pHs. 
Extracts pH S1 S2 S3
Control (without 
extract) 
 67.89±2.15†a†† 97.64±2.15a 98.85±1.22a
7 65.30±1.10ab 96.96±2.11ab 98.97±1.07a
8 62.57±1.26bc 94.49±1.08bc 97.21±1.22bEKWE 
9 58.52±1.39d 93.18±0.83d 96.94±1.87c
7 65.18±1.37ab 96.69±2.14b 98.94±2.41a
8 63.47±1.95b 94.20±1.13c 97.63±1.92bECBE 
9 60.32±1.28cd 92.42±0.99d 97.14±2.14b
†Mean±SD (n=3) 
††Different superscripts in the same column indicate significant differences (p<0.05).   
   (S1) 20 mM Tris, pH 8.0 was containing 1% (w/v) SDS; (S2) 20 mM Tris, pH 8.0  
   containing 1% (w/v) SDS and 8 M urea; (S3) 20 mM Tris, pH 8.0 containing 1%  
   (w/v) SDS, 8 M urea, and 2 % (v/v) β-mercaptoethanol. 
 
When 20 mM Tris, pH 8.0 containing 1% (w/v) SDS, 8 M urea and 2% 
(v/v) β-mercaptoethanol (S3) was used, a slight increase in protein solubility was 
observed, suggesting the negligible role of disulfide bond in the gel matrix. β-
mercaptoethanol present in S3 was able to reduce disulfide bonds (Prodpran et al., 
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2007). It was noticeable that a slightly lower solubility was observed in gelatin gels 
incorporated with EKWE or ECBE oxygenated at pH 9 in comparison with those 
oxygenated at lower pH. The result indicated the presence of non-disulfide covalent 
bonds at higher degree in the gel incorporated with extracts oxygenated at higher pH. 
Under alkaline condition, some phenolic compounds were converted to quinone, 
which could react with amino or of gelatin and the cross-links could be formed. The 
decrease in protein solubility was in agreement with the increase in bloom strength of 
gelatin gel.  
 
3.3 Effect of the concentration of oxygenated kiam wood and cashew bark 
extracs on the properties of gelatin gel 
Gelatin gel from cuttlefish skin incorporated with EKWE or ECBE 
oxygenated at pH 9 at different levels had varying properties. 
3.3.1 Bloom strength  
Bloom strength of gelatin from cuttlefish skin incorporated with 
EKWE or ECBE oxygenated at pH 9 at different concentrations is depicted in Figure 
20. Gel incorporated with both extracts had the increases in bloom strength when the 
concentrations of extracts increased (p<0.05). At the same level of extract, gelatin 
incorporated with EKWE had the higher bloom strength than that added with ECBE 
(p<0.05). Gelatin incorporated with 8% EKWE had the increase in bloom strength by 
38.71%, compared with the control. Since EKWE contained a higher amount of 
tannin, and phenolic compound, those compounds might undergo oxidation to higher 
extent than those found in ECBE. As a result, more quinone was formed in EKWE 
and the cross-linking could be more pronounced. For gel added with 8% ECBE, the 
increase in bloom strength of 31.96% was obtained. Nevertheless, the lower solubility 
of large molecular weight phenolic compounds at high concentration casuses the 
difficulty to interact with proteins (De Freitas and Mateus, 2001). Therefore, the 
appropriate concentration should be added for maximizing the gel strength. 
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Figure 20. Bloom strength of gelatin from cuttlefish skin incorporated with  
Control 
                  oxygenated EKWE or ECBE at various levels. Bars represent the standard  
                  deviation (n=3). Different letters on the bars denote the significant  
                  differences (p<0.05). 
 
3.3.2 Color  
The decreases in L* and b*-values of cuttlefish gelatin gel were 
observed as the levels of the oxygenated EKWE and ECBE increased (p<0.05) (Table 
14). The coincidental increase in a*-values was observed as the oxygenated EKWE or 
ECBE increased (p<0.05). The result indicated the increases in redness with the 
darker in color of gel added with both extracts at higher level. These results were in 
agreement with O’Connell and Fox (2001) who reported that phenolic compounds 
were responsible for discoloration in the cheese products. The polymerized phenolic 
compound, especially tannin with the dark color most likely contributed to the dark 
color of gel.  At the same level of extract used, gel incorporated with EKWE 
exhibited the darker color but lower redness, compared with those added with ECBE 
(p<0.05). 
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3.3.3 Free amino group contents  
Free amino group contents of cuttlefish skin gelatin incorporated with 
oxygenated ECWE or ECBE at various levels are shown in Table 14. Gelatin 
incorporated by both extracts had the lower free amino group content than that of the 
control gelatin (p<0.05). The rate of loss in free amino group of gelatin depended on 
the level of the extracts used. At the same level of extracts, the higher loss in free 
amino groups was observed in gelatin incorporated with EKWE (p<0.05). In general, 
the loss in free amino groups was increased when the concentration of added extracts 
increased (p<0.05).  
 
Table 14. Color and free amino group content of cuttlefish skin gelatin gel  
                  incorporated with oxygenated EKWE or ECBE at various levels. 
Color 
Extracts 
Concentrations 
(% w/w of 
gelatin) 
L* a* b* 
Free amino 
group 
content 
(mmole/ g 
sample) 
Control 
(without 
extract) 
 
54.12±0.06†a†† -0.62±0.02k 11.10±0.04i 3.12±0.10a
1 39.71±0.04c 8.55±0.13j 32.68±0.34b 2.42±0.01b
2 33.89±0.05d 10.85±0.06i 27.36±0.27d 1.70±0.03ef
4 25.01±0.05g 14.38±0.23g 17.28±0.52e 1.63±0.04fg
6 22.10±0.08h 16.19±0.02f 15.33±0.18f 1.51±0.03gh
EKWE 
8 20.21±0.07i 16.62±0.22e 12.26±0.23g 1.42±0.02h
1 42.96±0.02b 12.45±0.18h 36.43±0.06a 2.23±0.21c
2 33.71±0.04e 17.81±0.04d 31.65±0.36c 2.17±0.08c
4 27.53±0.11f 23.81±0.06c 27.10±0.11d 1.83±0.06e
6 18.53±0.09j 25.12±0.11b 16.83±0.46e 1.98±0.04d
ECBE 
8 16.530±.05k 27.26±0.10a 11.61±0.27h 1.99±0.05d
†Mean±SD (n=3) 
††Different superscripts in the same column indicate significant differences (p<0.05). 
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  The results revealed the cross-linking of gelatin via free amino groups 
induced by the extracts. Phenolic compounds in the extracts could interact with 
proteins in two different ways: via non-covalent (reversible) interactions and via 
covalent interactions, which in most cases are irreversible (Prigent et al., 2003). Two 
types of complexation mechanisms can be distinguished: a monodentate and a 
multidentate mechanism (Haslam, 1989). Both complexation mechanisms lead to 
aggregation and precipitation of proteins (Haslam, 1989). For both extracts containing 
tannin, which in the large molecular, the multidentate mechanism was most likely 
predominant.  
 
3.3.4 Solubility  
Protein solubility of gelatin gel incorporated with oxygenated EKWE 
or ECBE at different concentrations in various solvents is shown in Table 15. 
Solubility of gelatin gel incorporated with both extracts decreased, compared with that 
of the control for all solvents used. When the gels were solubilized in S1, the lower 
solubility was found in gel added with both extracts and the decrease was pronounced 
as the level used increased (p<0.05). At the same level of extracts used, gels added 
with EKWE showed the lower protein solubility, compared with those incorporated 
with ECBE (p<0.05). Further increases in solubility were observed in S2, containing 
urea and SDS, indicating the presence of hydrophobic and hydrogen bonds in gelatin 
gel matrix.  The result indicated the presence of hydrogen and hydrophobic 
interaction of protein in the gels. When S3 was used, a slight increase in protein 
solubility was observed, suggestion the absence of disulfide bond in the gel matrix. 
For S3, the solubility of gel added with EKWE at higher levels decreased to a higher 
extent, indicating the formation of non-disulfide covalent bond at a higher extract. 
However, the concentration of ECBE had no marked impact on protein solubility of 
gelatin gel. This indicated the superior cross-linking activity of EKWE to that of 
ECBE. In general, the loss in free amino group was coincidental with the increases in 
bloom strength in gelatin gel, especially when the extracts at higher levels were 
incorporated. 
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Table 15. Protein solubility (%) of cuttlefish skin gelatin gel incorporated with   
                 oxygenated EKWE or ECBE at various levels. 
Extracts 
Concentrations 
(% w/w of 
gelatin) 
S1 S2 S3
Control 
(without 
extract) 
 
67.89±2.15†a†† 97.64±2.15a 99.85±1.22a
1 62.54±1.35bc 96.18±0.83b 98.72±1.50ab  
2 59.63±1.53cd 93.40±1.61c 97.58±2.05b
4 55.44±1.56ef 82.25±1.33e 97.11±1.45bc
6 42.65±2.47j 81.62±1.14ef 96.61±1.89bc
EKWE 
8 40.63±1.46j 79.31±1.27f 96.32±1.64c
1 65.40±2.15ab 96.42±0.99b 98.99±1.70ab 
2 57.65±1.45de 95.36±1.77b 98.70±1.27ab
4 53.00±2.16fg 85.86±1.14d 97.54±2.73b
6 50.14±1.49gh 82.56±1.64e 97.31±3.65bc
ECBE 
8 47.63±2.14i 80.39±1.84ef 97.21±2.81bc
  †Mean±SD from (n=3) 
††Different superscripts in the same column indicate significant differences (p<0.05). 
(S1) 20 mM Tris, pH 8.0 was containing 1% (w/v) SDS; (S2) 20 mM Tris, pH 8.0    
 containing 1% (w/v) SDS and 8 M urea; (S3) 20 mM Tris, pH 8.0 containing 1%  
 (w/v) SDS, 8 M urea, and 2 % (v/v) β-mercaptoethanol. 
 
3.3.5 Microstructure  
 Microstructure of gel of cuttlefish skin gelatin including the control gel 
(B), gel incorporated with 1% EKWE oxygenated at pH 9 (C), gel incorporated with 
1% ECBE oxygenated at pH 9 (D) in comparison with bovine bone gelatin gel (A) are 
illustrated in Figure 21. In general, the arrangement and association of protein 
molecules in the gel matrix directly contributed to the gel strength of the gelatin 
(Benjakul et al., 2009). All gelatin gels were spongy in structure. Gelatin gel from 
bovine bone showed a uniform network with a thin strand (A), while that of the 
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control had slightly smaller voids (B). The larger strands and larger void of gel matrix 
were noticeable with gels added with oxygenated EKWE or ECBE, compared with 
the control gel. The cross-linking induces by oxidized tannin and the phenolic 
compounds would result in the strong network as evidenced by the larger strands with 
the interconnected structure.  Therefore, the extracts from kiam wood or cashew bark 
could be used as the promising gel strengthening agents in gelatin. 
 
 
                             
A B 
C D 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 21. Electron microscopic images of cuttlefish skin gelatin gel cross section.    
                  Bovine bone. Gelatin (A); control gel (without extract) (B); gel  
                  Incorporated with 1% (w/w of gelatin) oxygenated EKWE (C); gel  
                  incorporated with 1% (w/w of gelatin) oxygenated ECBE (D).  
                  Magnification: 3500x. 
 
3.4 Effect of EKWE or ECBE on gel property of gelatin from cuttlefish skin 
in comparison with commercial phenolic compounds 
Gelatin gels added with oxygenated EKWE or ECBE at a level of 2% 
were prepared. Gels incorporated with the same amount of oxygenated phenolic 
compounds were also prepared and the properties of all gels obtained were compared. 
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3.4.1 Bloom strength  
Bloom strength is the most important physical property of a gelatin. 
Bloom strength of cuttlefish skin gelatin incorporated with the oxygenated extracts or 
oxygenated commercial phenolic compounds are depicted in Figure 22. Gels 
incorporated with all oxygenated extracts and phenolic compounds had the increases 
in bloom strength when compared with that of the control. Gel incorporated with 
oxygenated gallic acid or oxygenated catechin had the highest bloom strength 
(p<0.05). 
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Figure 22. Bloom strength of gelatin gel from cuttlefish skin incorporated with  
                  different oxygenated extracts or commercial phenolic compounds at  a  
                  level 2%(w/w of gelatin). Bars represent the standard deviation (n=3).  
                  Different letters on the bars denote the significant differences (p<0.05). 
 
Oxygenated gallic acid (MW∼188) exhibited the higher gel 
strengthening effect on gelatin, compared with oxygenated tannic acid (MW∼1,701). 
The smaller molecules might disperse uniformly and could interact with amino groups 
of gelatin more effectively. Tannic acid was found as the major component of kiam 
wood and cashew bark extract. Oxygenated EKWE showed the similar gel enhancing 
effect to oxygenated tannin acid and ferulic acid (p<0.05). Since oxygenated catechin 
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(MW∼290) had five hydroxyl groups with the smaller molecular mass than tannic 
acid, its interaction with proteins became easier.  Gel added with oxygenated ECBE 
showed the lowest bloom strength (p<0.05). Due to the low total phenolic content as 
well as tannin content in ECBE, the quinone formed during oxygenation at alkaline 
pH was less. As a consequence, the lower reactivity for protein cross-linking was 
obtained. Quinone is known as an electrophilic compound, which can interact with 
nucleophilic amino group of proteins (Kroll et al., 2003). Thus, bloom strength of 
gelatin gel added with oxygenated extracts or commercial phenolic compounds 
varied, depending on the molecular properties favoring the protein cross-linking.  
 
3.4.2 Color  
Color of gelatin gel containing different oxygenated extracts or 
phenolic compounds is shown in Table 16. L*-value decreased with the addition of all 
compounds (p<0.05). Nevertheless, the redness and yellowness of the gel 
incorporated with all compounds increased, as indicated by the increase in a*-value 
and b*-value, respectively, compared with those of the control gel. The result was in 
agreement with Cao et al. (2007) who reported that gelatin incorporated with phenolic 
compounds (tannic acid and ferulic acid) at alkaline pH had the changes in color. 
The lowest L*-value was noticeable in gel added with oxygenated 
gallic acid (p<0.05). The highest a*-value was found in gel incorporated with 
oxygenated ECBE, while the highest b*-value was obtained in gel added with 
oxygenated catechin. Therefore, the addition of oxygenated extracts or phenolic 
compounds as gel enhancer might lead to the discoloration of resulting gel, depending 
upon the type of compounds. 
 
3.4.3 Free amino group contents  
Free amino group contents of cuttlefish skin gelatin incorporated with 
different oxygenated extracts and phenolic compounds at various levels are shown in 
Table 16. Gelatin incorporated with all oxygenated extracts and phenolic compounds 
had the lower free amino group content than the control gelatin (without extracts or 
compounds) (p < 0.05). It indicated that nucleophilic amino groups might interact 
with electrophilic quinone formed during the oxygenation under alkaline condition. A 
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reaction of protein with oxidized phenolic compounds led to a decrease in free amino 
group content (Rawel, et al. 2001). The rate of loss in free amino group of gelatin 
depended on the type of phenolic compounds used. The highest loss in free amino 
groups was observed in gelatin incorporated with oxygenated gallic acid (p<0.05), 
followed by that incorporated with oxygenated catechin. Thus, higher loss in free 
amino group were in accordance with the increased bloom strength of gelatin gel 
added with oxygenated gallic acid or catechin. 
 
Table 16. Color and free amino group content of cuttlefish skin gelatin gel  
                 Incorporated with different oxygenated extracts or commercial phenolic  
                 compounds at a level of  2%(w/w of gelatin).  
Color 
Extracts/compounds 
L* a* b* 
Free amino 
group 
content 
(mmole/ g 
sample) 
Control 64.22±0.73†a†† -6.39±0.17f 9.18±0.68f 2.59±0.08a
ECBE 43.33±0.69e 9.65±0.54a 13.79±0.70d 2.49±0.16a
EKWE 49.73±0.66d 3.89±0.44d 20.08±1.07c 2.35±0.12a
Catechin 49.83±0.67d 5.82±0.53c 37.11±0.91a 1.88±0.11b
Ferulic acid 62.72±0.70b -6.10±0.12f 11.29±0.93e 2.38±0.42a
Gallic acid 38.87± 0.70f 7.26±0.76b 21.21±0.77b 1.79±0.17c
Tannic acid 50.74±0.23c 0.29±0.34e 21.70±0.87b 2.28±0.18a
†Mean±SD from (n=3) 
††Different superscripts in the same column indicate significant differences  
   (p<0.05). 
 
3.4.4 Solubility  
Protein solubility of gelatin gels incorporated without and with 
oxygenated extracts or phenolic compounds in various solvents is shown in Table 17. 
Protein solubility of gelatin gel incorporated with oxygenated extracts or phenolic 
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compounds varied.  When S1, S2 and S3 were used, the lowest solubility in all solvents 
was observed in gelatin added with oxygenated gallic acid or catechin (p<0.05). The 
lowest solubility of gelatin gels incorporated with both oxygenated compounds 
indicated the stronger cross-links in gel network stabilized by both oxygenated 
compounds. The lower solubility in S3 indicated the formation of non-disulfide 
covalent bonds in the gel matrix. Gels added with both extracts showed the similar 
solubility to those added with other phenolic compounds, except oxygenated catechin 
and gallic acid. 
 
Table 17. Protein solubility (%) of cuttlefish skin gelatin gel incorporated with            
                 different oxygenated extracts or phenolic compounds at a level of 2%  
                 (w/w of gelatin). 
Extract/compounds S1 S2 S3
Control 69.02±0.98†a†† 94.15±1.21a 98.15±1.72a  
ECBE 68.63±0.78a  93.82±0.40a  97.99±0.54a  
EKWE 68.55±2.76a 92.80±0.46ab 96.61±1.12ab  
Catechin 63.90±0.49b 89.92±0.25b  93.32±2.06b
Ferulic acid 65.22±1.61ab  92.66±2.53ab 96.42±0.39ab
Gallic acid 63.14±1.74b 90.10±0.45b 93.71±1.27b
Tannic acid 65.39±3.14ab 91.75±1.22ab 96.21±1.59ab
    †Mean±SD (n=3) 
    ††Different superscripts in the same column indicate significant differences  
       (p<0.05). (S1) 20 mM Tris, pH 8.0 was containing 1% (w/v) SDS; (S2) 20 mM  
       Tris, pH 8.0 containing 1% (w/v) SDS and 8 M urea; (S3) 20 mM Tris, pH 8.0  
       containing 1% (w/v) SDS, 8 M urea, and 2 % (v/v) β-mercaptoethanol. 
 
3.4.5 Protein patterns  
Protein patterns of gelatin gels without and with the addition of 
different oxygenated extracts or phenolic compounds are depicted in Figure 23. All 
cuttlefish gelatin gel incorporated with all oxygenated extracts or phenolic compounds 
had the polymerized protein on stacking gel. The cross-links formed mainly 
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contributed to the increases in bloom strength of gelatin gel added with oxygenated 
extracts or phenolic compounds. Polymerization of protein molecules with different 
phenolic substances was reported by Cao et al. (2007) 
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Figure 23. SDS-PAGE patterns of gelatin from cuttlefish skin incorporated with 
                  different oxygenated extracts or phenolic compounds at a level of 2%  
                  (w/w of gelatin). (HM: high molecular weight marker; A: tannic acid; 
                  B: EKWE; C: ferulic acid; D: ECBE; E: catechin; F: gallic acid and  
                  G: control). 
 
3.4.6 Microstructure  
The microstructures of gelatin gels from cuttlefish skin incorporated 
without and with different oxygenated extracts and phenolic compounds are 
illustrated in Figure 24. Generally, the arrangement and association of protein 
molecules in the gel matrix determined gel strength (Benjakul et al. 2009). All gelatin 
gels were spongelike or coral-like in structure. The control gel showed a uniform 
network with a thin strand (Figure 24 A), while that of gelatin incorporated with 
oxygenated extracts and phenolic compounds had the larger strand with a larger void 
(Figure 24 B-G). It was noted that the finer structure with the larger strands were 
obtained in gelatin gel added with 2% oxygenated catechin and gallic acid. Those gels 
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with the smaller voids would be more resistant to force applied. Thus, microstructures 
was another factor governing the bloom strength of gelatin 
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Figure 24. Electron microscopic images of cuttlefish skin gelatin gel incorporated  
                   with different oxygenated extracts or phenolic compounds at a level of  
                   2% (w/w of gelatin). (A: control; B: ECBE; C: catechin; D: ferulic acid; 
                   E: gallic acid; F: EKWE and G: tannic acid). Magnification: 3500x. 
 
4. Study on gelatin cross-linking activity of laccase on properties of gelatin gel   
 
4.1 Characteristics of laccase  
Effect of pH on laccase activity using EKWE and ECBE on the 
substrates is depicted in Table 18, respectively. When EKWE was used, the optimal 
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pH was found at 5. However, the maximal activity was obtained at pH 4 when ECBE 
was the substrate. Laccase activity was decreased at alkaline or acidic pH rage, 
indicating the denaturation of laccase in the harsh condition. Laccase is able to 
catalyze the oxidation of aromatic compounds (Duran et al. 2002). The quinoas 
formed could be monitored spectrophotometrically. To induce the oxidation of 
phenolic compounds including tannin in both extracts, the laccase was used and its 
activity was optimized at the optimal pH for those substrates, EKWE and ECBE. 
 
Table 18. Oxidation rate of EKWE and ECBE by laccase at different pH . 
ΔA458/min 
pH 
EKWE ECBE
3 0.13 0.06
4 0.25 0.07
5 0.29 0.03
6 0.23 0.02
7 0.06 0.00
8 0.03 0.01
9 0.01 0.01
 
4.2 Effect of different extracts and commercial phenolic compounds 
oxidized by laccase and their effect on properties of gelatin gel  
 
4.2.1 Bloom strength 
Bloom strength of cuttlefish skin gelatin gel incorporated with 
different extracts and phenolic compounds oxidized by laccase is depicted in Figure 
25. Gels incorporated with oxidized extracts and phenolic compounds had the 
increases in bloom strength when compared with that of the control (p<0.05). 
Furthermore, laccase could induce the polymerization of proteins during incubation at 
room temperature (25-27°C) for 1 h prior to gel setting. Laccase has been reported to 
induce protein cross-link by Mattinen et al. (2005).  Gelatin gel incorporated with 
oxidized gallic acid had the highest bloom strength (211.45g) (p<0.05), followed by 
that added with oxidized gallic acid. No differences in bloom strength were noticeable 
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between gels incorporated with oxidized ferulic acid, tannic acid and EKWE 
(p<0.05). Oxidized ECBE exhibited the lowest gel strengthing effect on gelatin but 
yielded the resulting gel with the increased strength, compared with the control. 
Laccase was able to oxidize a broader range of substrates to quinones. Laccase 
typically had rather wide substrate specificity (Selinheimo, 2008). In addition to mono 
and polyphenols, laccase is capable of oxidizing various aromatic compounds, such as 
substituted phenols, diamines, aromatic amines and thiols, and even some inorganic 
compounds such as iodine (Thurston, 1994; Flurkey, 2003; Baldrian, 2006). Quinones 
are particularly susceptible to nucleophilic attack by free sulphydryl and amino 
groups of amino acid side-chains, resulting in formation of tyrosine-cysteine and 
tyrosine-lysine cross-links in the protein structures (Marumo and Waite, 1986; 
Takasaki and Kawakishi, 1997).  
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Figure 25.  Bloom strength of gelatin gel  from cuttlefish skin incorporated with  
                   different extracts and phenolic compounds oxidized by laccase at a level  
                   of 2% (w/w of gelatin). Bars represent the standard deviation (n=3).  
                   Different letters on the bars denote the significant differences (p<0.05). 
 
Lantto et al. (2005b, 2007) reported that laccase was found to improve 
gel formation of the chicken-breast myofibril proteins. In laccase-catalyzed oxidation 
reactions, high reactivity of the produced radicals can lead to polymerization of 
substrates. Laccase has also been reported to catalyze polymerization of certain 
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peptides and proteins (Mattinen et al., 2005). Radical-mediated oxidation of free 
suflphydryl groups of proteins has been found to be accelerated in laccase catalyzed 
reactions in the presence of exogenous phenolic acid. Therefore, laccase could be 
used to convert the phenolic compounds to quinone, which functioned as the protein 
cross-linkers in the gelatin gel matrix. 
 
4.2.2 Color  
Color of gelatin gel containing the extracts or phenolic compounds 
oxidized by laccase is shown in Table 19. L*-value of gel decreased with the addition 
of oxidized extracts or phenolic compounds to different degree, depending on the 
types of compounds used. The similar result was obtained in comparison with that 
found when oxygenated process at alkaline pH was used. The highest a*-value and 
b*-value were found in gel added with oxidized ECBE and catechin, respectively. The 
darker color was produced when the oxidation of phenolic compare took place. As a 
result, gelatin gel turned to be darker or reddish when the oxidized extracts or 
phenolic compounds were added. 
 
4.2.3 Free amino group contents  
Free amino group contents of cuttlefish skin gelatin incorporated with 
extracts or phenolic compounds oxidized by laccase is shown in Table 19. Gelatin 
incorporated with oxidized extracts or phenolic compounds had the lower free amino 
group content than the control gelatin (without extracts or phenolic compound) (p < 
0.05). Free amino group contents was slightly lower than that of gelatin gel 
incorporated with phenolic compounds oxidized by oxygenation at pH 9 (Table 16). 
Laccase typically has rather wide substrate specificity. Laccase is known to readily 
oxidize both para-, meta- and ortho-diphenols (Selinheimo, 2008).  It indicated that 
nucleophilic amino groups might interact with electrophilic quinone, an oxidized form 
of phenolic compounds, induced by laccase. Among all oxidized extracts and 
phenolic compounds used, oxidized gallic acid showed the highest cross-linking 
activity as indicated by the lowest free amino group content (p<0.05). The result was 
in agreement with that found in oxidation process performed at alkaline pH in the 
presence of oxygen. 
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Table 19. Color and free amino group content of cuttlefish skin gelatin gel  
                 incorporated with different extracts and phenolic compounds oxidized by  
                 laccase at a level of  2% (w/w of gelatin). 
Color 
Oxidized phenolic 
compound L* a* b* 
Free amino 
group 
content 
(mmole/ g 
sample) 
Control 64.31 ±0.67†a†† -6.39±0.37f 9.18±0.68f 2.59±0.08a
ECBE 47.27 ±0.71e 9.27 ±0.43a 12.13±0.47d 2.37±0.21a
EKWE 51.46 ±0.51d 4.15±0.43c 19.75±1.05c 2.23±0.23a
Catechin 53.65±0.49d 6.01±0.64b 35.41±0.93a 1.92±0.47b
Ferulic acid 60.81 ±0.63b -5.79±0.11e 11.39.±0.85e 2.42±0.41a
Gallic acid 44.91± 0.63f -17.09±0.79f 22.16±0.11b 1.67±0.11c
Tannic acid 57.14±0.27c 0.39±0.21d 22.02±0.79b 2.18±0.81a
†Mean±SD (n=3) 
††Different superscripts in the same column indicate significant differences (p<0.05). 
 
4.2.4 Solubility  
Protein solubility of gelatin gels incorporated without and with extracts 
or phenolic compounds oxidized by laccase in various solvents is shown in Table 20. 
Protein solubility of gelatin gel incorporated with oxidized extracts and phenolic 
compounds was lower than that of the control gel when all solvents were used. When 
S3 was used for solubilization, the lowest solubility was found in gelatin gel added 
with oxidized gallic acid and catechin, but was not different from those of gels added 
with ferulic acid, EKWE and tannic acid (p>0.05). The decrease in S3 of gelatin gel 
incorporated with oxidized gallic acid or catechein was coincidental with the 
increases in bloom strength (Figure 25). This reconfirmed that quinone formed most 
likely acted as the potential cross-linker, in which the strong gel matrix could be 
developed. 
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Table 20. Protein solubility (%) of cuttlefish skin gelatin gel incorporated with  
                 different extracts and phenolic compounds oxidized by laccase at a level of  
                 2% (w/w of gelatin).   
Extracts/compound S1 S2 S3
Control 69.02±0.98†a†† 95.11±1.21a 98.15±1.52a  
ECBE 68.39±0.77a  94.37±0.42a  97.97 ±0.94a  
EKWE 68.79 ±1.46a 93.15±0.44ab 95.95±1.11ab  
Catechin 64.27 ±0.51b 91.172±0.71b  93.43±1.75b
Ferulic acid 66.92 ±1.82ab  93.97±1.53ab 96.17 ±0.49ab
Gallic acid 64.45±0.93b 91.16±0.97b 94.01±0.97b
Tannic acid 66.14±2.55ab 92.21±1.15 ab 96.22±1.43ab
 †Mean±SD (n=3) 
††Different superscripts in the same column indicate significant differences  
(p<0.05). (S1) 20 mM Tris, pH 8.0 was containing 1% (w/v) SDS; (S2) 20 mM Tris,    
pH 8.0 containing 1% (w/v) SDS and 8 M urea; (S3) 20 mM Tris, pH 8.0 containing  
1% (w/v) SDS, 8 M urea, and 2 % (v/v) β-mercaptoethanol. 
 
4.2.5 Protein patterns  
Protein patterns of gelatin gels with and without the addition of 
different extracts and phenolic compounds oxidized by laccase are depicted in Figure 
26. All cuttlefish gelatin gels incorporated with oxidized extracts and phenolic 
compounds contained the polymerized protein appearing on stacking gel. Those 
cross-links mainly contributed to the increases in bloom strength of gelatin gel added 
with oxidized extracts and phenolic compounds. Quinone, generated after the 
oxidation induced by laccase, was able to cross-link the gelatin, in which the large 
aggregate could be formed. This aggregate or polymerized gelatin more likely 
contributed to the increased bloom strength. Cao et al. (2007) also reported the 
polymerization of protein molecules as a possible subsequent reaction of different 
proteins with phenolic substances. 
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Figure 26.  SDS-PAGE patterns of gelatin from cuttlefish skin incorporated with  
                   different extracts and phenolic compounds oxidized by laccase at a level  
                   of  2% (w/w of gelatin). (HM: high molecular weight marker; A: control;  
                   B: gallic acid; C: EKWE; D: tannic acid; E: ferulic acid; F: catechin and  
                   G: ECBE). 
 
4.2.6 Microstructure  
The microstructures of gelatin gels from cuttlefish skin incorporated 
without and with oxidized phenolic compounds by laccase are illustrated in Figure 27. 
Similarly, all gelatin gels contained the pores with different sizes and uniformity. The 
control gel showed a uniform network with a thin strand (Figure 27 A). Gelatin gel 
incorporated with oxidized extracts or phenolic compounds varied in structure. 
Among all gels, that added with oxidized ECBE had the largest void with varying 
sizes. This might be associated with the poorer gel. For gel added with oxidized gallic 
acid which showed the highest bloom strength, the small voids were obtained but the 
strand was thick. The structure would be resistant to the force applied as evidenced by 
the highest bloom strength of this gel. Therefore, the oxidized extract or phenolic 
compounds could function as the gelatin cross-linker, in which the oxidized forms 
were able to induce the cross-linking more effectively. As a consequence, the bloom 
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strength could be improved with the addition of either extracts or commercial 
phenolic compounds oxidized by laccase.  
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Figure 27. Electron microscopic images of cuttlefish skin gelatin gel incorporated  
                   with different extracts or phenolic compounds oxidized by laccase at a  
                   level of 2% (w/w)(A: control; B: cashew bark extract; C: catechin; D:  
                   ferulic acid; E: gallic acid; F: kiam wood extract and G: tannic acid).  
                   Magnification: 3500x. 
 
 
 
 
 
 CHAPTER 4 
 
CONCLUSION 
 
1. The appropriate condition for gelatin extraction from pretreated and 
H2O2-treated skin of cuttlefish was suggested to be 50°C for 18 h. Gelatin obtained 
had the highest bloom strength (105.46g) and emulsion ability index (23.97 m2/g).  
Gelatin was soluble in the wide pH range (1-10), which could be applied widely in 
food systems. 
2. Ethanolic extract from kiam (Cotylelobium lanceotatum Craih) 
wood and cashew (Anacardium occidentale L.) bark containing phenolic compounds 
including tannin were able to cross-link gelatin after being oxidized by oxygenation 
under alkaline condition or by laccase. Those extracts could increase the bloom 
strength of gelatin from cuttlefish skin effectively in dose-dependent manner. 
However, the efficacy in gel strengthening was slightly lower than oxidized gallic 
acid. Additionally, the dark color of resulting gel could be the obstacle for application, 
particularly at high level. 
 
Suggestions 
 
1. Other phenolic compounds with gelatin cross-linking activity with no 
color should be used to improve bloom strength of gelatin without 
negative effect on color.  
2. Bleaching of kiam wood or cashew bark extracts with remaining cross-
linking activity should be investigated to widen the application as the 
gelatin gel enhancers. 
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Appendix I 
 
Analytical Methods 
 
1. Moisture content (AOAC, 1999) 
Method 
1. Dry the empty dish and lid in the oven at 105°C for 30 min and transfer to 
desiccator to cool (30 min). Weigh the empty dish and lid. 
2. Weigh about 5 g of sample to the dish. Spread the sample with spatula. 
3. Place the dish with sample in the oven. Dry for 16 h or overnight at 105°C. 
4. After drying, transfer the dish with partially covered lid to the desiccator to 
cool. Reweigh the dish and its dried content.  
Calculation          % Moisture = (W1-W2) x 100 
          W1 
where:  W1 = weight (g) of sample before drying  
             W2 = weight (g) of sample after drying 
 
2. Ash (AOAC, 1999) 
Method 
1. Place the crucible and lid in the furnace at 550°C overnight to ensure that 
impurities on the surface of crucible are burn off. Cool the crucible in the 
desiccator (30 min). 
2. Weigh the crucible and lid to 4 decimal places. 
3. Weigh about 5 g sample into the crucible. Heat over low bunsen flame with lid 
half covered. When fumes are no longer produced, place crucible and lid in 
furnace. 
4. Heat at 550°C overnight. During heating, do not cover the lid. Place the lid on 
after complete heating to prevent loss of fluffy ash. Cool down in the 
desiccator. 
5. Weigh the ash with crucible and lid until turning to gray. If not, return the 
crucible and lid to the furnace for further ashing.  
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Calculation        % Ash content =    Weight of ash           x 100 
        Weight of sample 
 
3. Protein (AOAC, 1999) 
Reagents 
1. Kjedahl catalyst: Mix 9 part of potassium sulphate (K2SO4) anhydrus, nitrogen 
free with 1 part of copper sulphate (CuSO4) - Sulfuric acid (H2SO4) 
2. 40% NaOH solution (w/v) 
3. 0.02N HCl solution 
4. 4% H3BO3 solution (w/v) 
5. Indicator solution: Mix 100 ml of 0.1% methyl red (in 95% ethanol) with 200 
ml of 0.2% bromocresol green (in 95% ethanol) 
Method 
1. Place sample (0.5-1.0 g) in digestion flask. 
2. Add 5 g Kjeldahl catalyst, and 200 ml of conc. H2SO4. 
3. Prepare a tube containing the above chemical except sample as blank. Place 
flasks in inclined position and heat gently until frothing ceases. Boil briskly 
until solution clears. 
4. Cool and add 60 ml distilled water cautiously. 
5. Immediately connect flask to digestion bulb on condenser, and with tip of 
condenser immersed in standard acid and 5-7 indicator in receiver. Rotate 
flask to mix content thoroughly; then heat until all NH3 has distilled. 
6. Remove receiver, wash tip of condenser, and titrate excess standard acid in 
distilled with standard NaOH solution. 
Calculation      % Protein = (A-B) x N x 1.4007 x 6.25
          W 
where: A = volume (ml) of 0.02N HCl used for sample titration  
 B = volume (ml) of 0.02N HCl used for blank titration  
 N = Normality of HCl 
 W = weight (g) of sample 
 14.007 = atomic weight of nitrogen 
 6.25 = the protein-nitrogen conversion factor for fish and its byproducts 
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4. Fat (AOAC, 1999) 
Reagents 
-  Petroleum ether 
Method 
1. Place the bottle and lid in the incubator at 105°C overnight to ensure that 
weight of bottle was stable. 
2. Weigh about 3-5 g of sample to paper filter and wrap. 
3. Take the sample into extraction thimble and transfer into soxhlet 
4. Fill petroleum ether about 250 ml into the bottle and take it on the heating 
mantle. 
5. Connect the soxhlet apparatus and turn on the water to cool them and then 
switch on the heating mantle. 
6. Heat the sample about 14 h (heat rate of 150 drop/min). 
7. Evaporate the solvent by using the vacuum condenser. 
8. Incubate the bottle at 80-90 °C until solvent was completely evaporated and 
bottle was completely dry. 
9. After drying, transfer the bottle with partially covered lid to the desiccator to 
cool. Reweigh the bottle and its dried content.  
Calculation 
% Fat =       Weight of fat      x 100 
     Weight of sample 
 
5. Hydroxyproline content (Bergman and Loxley, 1963)  
Reagent 
1. 6 N HCl 
2. Oxidant solution (the mixture of 7% (w/v) chlororamine T and acetate/citrate 
buffer, pH 6 at a ratio of 1:4 (v/v)) 
3. Ehrlich’s reagent solution (the mixture of solution A (2 g of p-dimethylamino-
benzaldehyde in 3 ml of 60% (v/v) perchloric acid (w/v))  
4. Isopropanol 
5. Hydroxyproline standard solution (400 ppm)  
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Method 
Sample preparation: 
1. Weigh about 0.1-2.0 g sample (depending on type of sample) into screw cap 
tube. 
2. Add 6 N HCl into the sample at the ratio of 1:10 (solid/acid, w/v).  
3. Heat at 110 °C for 24 h in oil bath. 
4. Clarify the hydrolysate with activated carbon and filter through Whatman 
No.4 filter paper. 
5. Neutralize the filtrate with 10 M NaOH and 1 M NaOH to obtain the pH 6.0-
6.5. 
Hydroxyproline determination: 
1. Transfer 0.1 ml of the neutralized sample into a test tube and add 0.2 ml of 
isopropanol then mix well. 
2. Add 0.1 ml of oxidant solution and mix well  
3. Add 1.3 ml of Ehrlich’s reagent solution. 
4. Heat the mixtures at 60 °C for 25 h in a water bath and then cool for 2-3 min 
in running water. 
5. Add isopropanol at a ratio of 3.3 ml and mix well.  
6. Read absorbance at 558 nm. 
7. Plot the standard curves and calculate the unknown. 
Table: Experimental set up for the hydroxyproline’s assay 
Tube number Water (µL) 
400 ppm Hydroxyproline
(µL) 
Effective 
Hydroxyproline 
1 100 0 0 
2 97.5 2.5 10 
3 95.0 5.0 20 
4 92.5 7.5 30 
5 90.0 10.0 40 
6 87.5 12.5 50 
7 85.0 15.0 60 
8 0 0 unknown 
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6. Biuret method for quantitation of protein (Robison and Hodgen, 1940)  
Reagents 
1. Biuret reagent: combine 1.50 g CuSO4.5H2O, 6.00 g sodium potassium 
tartrate, and 500 ml distilled water in a beaker and stir, add while stirring 300 
ml of 10% NaOH (w/v), transfer to plastic bottle for storage  
2. Distilled water 
3. Standard reagent: 10 mg/ml bovine serum albumin (BSA)  
Method 
1. To each of seven disposable cuvette, add the following reagents according to 
the table. 
2. To tubes 7, 500 µL of protein sample were added and mix well by using the 
vortex mixer. 
3. Add 2.0 ml of the biuret reagent to each tube, and mix well. 
4. Incubate the mixture at room temperature for 30-45 min, and then read the 
absorbance of each tube at 540 nm. 
5. For tube 1-5, plot the absorbance at 540 nm as a function of effective BSA 
concentration, and calculate the best fit straight line from data. Then, using the 
average absorbance for the three sample of unknown read the concentration of 
sample from the plot. 
Table: Experimental set up for the Biuret’s assay 
Tube number Water (µL) 
10 mg/ml BSA  
(µL) 
Effective BSA 
Concentration (mg/ml) 
1 500 0 0 
2 400 100 2 
3 300 200 4 
4 200 300 6 
5 100 400 8 
6 0 500 10 
7 0 0 unknown 
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7. Electrophoresis (SDS-PAGE) (Leammli, 1970) 
Reagents 
1. Protein molecular weight standards 
2. 30% Acrylamide-0.8% bis Acrylamide 
3. Sample buffer: Mix 30 ml of 10% of SDS, 10 ml of glycerol, 5 ml of (β-
Mercaptoethanol, 12.5 ml of 50 mM Tris-HCl, pH 6.8, and 5-10 mg 
Bromophenol blue (enough to give dark blue color to the solution). Bring the 
volume to 100 ml with distilled water. Divide into 1 ml aliquots, and stored at 
–20 °C. 
4. 2% (w/v) Ammonium persulfate 
5. 1% (w/v) SDS 
6. TEMED (N,N,N’N’-tetramethylenediamine) - 0.5 M Tris-HCl, pH 6.8 
7. 1.5 M Tris-HCl, pH 8.8 
8. Electrode buffer: Dissolve 3 g of Tris, 14.4 g of glycine and 1 g of SDS in 
distilled water. Adjust to pH 8.3. Add distilled water to 1 liter to total volume. 
9. Staining solution: Dissolve 0.05 g of Coomassie blue R-250 in 15 ml of 
methanol. Add 5 ml of glacial acetic acid and 80 ml of distilled water.  
10. Destaining solution: 30% methanol-10% glacial acetic acid 
Method 
Pouring the running gel: 
1. Assemble the minigel apparatus according to the manufacture’s detailed 
instructions. Make sure that the glass and other components are rigorously 
clean and dry before assembly. 
2. Mix the separating gel solution by adding, as defined in following Table. 
3. Transfer the separating gel solution using a Pasture pipettes to the center of 
sandwich is about 1.5 to 2 cm from the top of the shorter (front) glass plate. 
4. Cover the top of the gel with a layer of isobutyl alcohol by gently squirting the 
isobutyl alcohol against the edge of one of the spacers. Allow the resolving gel 
to polymerize fully (usually 30-60 min). 
Pouring the stacking gel: 
1. Pour off completely the layer of isobutyl alcohol. 
2. Prepare a 4% stacking gel solution by adding as defined in Table. 
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3. Transfer stacking gel solution to tickle into the center of the sandwich along 
an edge of one of the spacers. 
4. Insert comb into the layer of stacking gel solution by placing one corner of the 
comb into the gel and slowly lowering the other corner in. Allow the stacking 
gel solution to polymerize 30 to 45 min at room temperature. 
 
Table: Experimental set up for running gel and stacking gel 
Reagents 7.5% running gel 4% stacking gel 
30% Acrylamide-bis 2.500 mL 0.665 mL 
1.5 M Tris-HCl buffer, pH 8.8 2.500 mL - 
0.5 M Tris-HCl buffer, pH 6.8 - 1.25 mL 
Distilled water 4.845 mL 3.00 mL 
10% SDS 100 µL 50 µL 
2% Ammonium persulfate 50 µL 25 µL 
TEMED 5 µL 3 µL 
 
Sample preparation: 
1. Weigh 3 g of sample and homogenize with 5% (w/v) SDS in a final volume of 
30 ml. 
2. Incubate the mixture at 85°C for 1 hr. 
3. Centrifuge at 3,500xg for 5 min at ambient temperature and collect 
supernatant. 
Loading the gel: 
1. Dilute the protein to be 1:1 (v/v) with sample buffer in microcentrifuge tube 
and boil for 1 min at 100°C. 
2. Remove the comb without tearing the edge of the polyacylamide wells.  
3. Fill the wells with electrode buffer. 
4. Place the upper chamber over the sandwich and lock the upper buffer chamber 
to the sandwich. Pour electrode buffer into the lower buffer chamber. Place the 
sandwich attached to the upper buffer chamber into the lower chamber. 
5. Fill the upper buffer chamber with electrode buffer so that the sample wells of 
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the stacking gel are filled with buffer. 
6. Use a 10-25 µL syringe with a flate-tipped needle; load the protein sample into 
the wells by carefully applying the sample as a thin layer at the bottom of the 
well. 
7. Fill the remainder of the upper buffer chamber with additional electrode 
buffer. 
Running the gel: 
1. Connect the power supply to the anode and cathode of the gel apparatus and 
run at 50 V and 150 V. 
2. After the bromophenol blue tracking dye has reached the bottom of the 
separating gel, disconnect the power supply. 
Disassembling the gel: 
1. Remove the upper buffer chamber and the attached sandwich. 
2. Orient the gel so that the order of the sample well is known, remove the 
sandwich from the upper buffer chamber, and lay the sandwich on a sheet of 
absorbent paper or paper towels. Carefully slide the spacers out from the edge 
of the sandwich along its entire length. 
3. Insert a spatula between the glass plates at one corner where the spacer was, 
and gently pry the two plates apart. 
4. Remove the gel from the lower plate. Place the plate with the gel attached into 
the shallow dish of fixing agent or dye and swishing the plate. 
Staining the gel: 
1. Place the gel in a small plastic box and cover with the staining solution. 
Agitate slowly for 3 h. or more on a rotary rocker. 
2. Pour off the staining solution and cover the gel with a solution of destaining 
solution I. Agitate slowly for about 15 min. 
3. Pour off the destaining solution I and replace with fresh solution. Repeat until 
the gel is clear except for the protein bands. 
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Appendix II 
 
Color of cuttlefish skin pretreated with NaOH and H2O2 at different 
concentrations 
 
Skin of cuttlefish (without treatment) 
   
0.2 N NaOH + 0% H2O2    0.2 N NaOH + 0.5% H2O2   0.2 N NaOH + 0.75% H2O2
   
0.4 N NaOH + 0% H2O2    0.4 N NaOH + 0.5% H2O2   0.4 N NaOH + 0.75% H2O2
   
0.6 N NaOH + 0% H2O2    0.6 N NaOH + 0.5% H2O2   0.6 N NaOH + 0.75% H2O2
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